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PREFACE. 



The first edition of this book was desigfued for use solely as a 
laboratory jsfuide; it having beea exhausted and a second edition 
being called for, it has seemed desirable to extend the plan 
so as to include some directions for readings and theoretical study 
as well as the purely laboratory directions. In order to accomplish 
both of these ends the tabular form of the first edition has been 
replaced by more continuous style, but so arrang"ed as to direct the 
student in his search for the demonstrable anatomical facts. Facts 
of anatomy not readily demonstrable and some physiolo|;rical points 
are g-iven to fill out the descriptions; these are either given in addi- 
tional fine-print paragraphs or are bracketed in the solid reading 
matter. The number of types described has been considerably 
added to, besides considerable direction for finding and preparing 
specimens; there are brief descriptions of forms less suitable for lab- 
oratory work. References to the more easily accessible literature of 
the subject are given with each class, and a synopsis of the leading 
morphological characters of the principal classes and orders is 
placed at the end and forms a key to the classification of the animal 
kingdom. Without ignoring the value to the advanced zoologist of 
the best modern methods of zoological technique, we consider that 
they only hamper the beginning student, and have therefor confined 
the work to such as can be done by anyone who is in earnest, using* 
only the simpler tools and lower magnifying powers. 

No student can expect to make any real progress in zoology 
unless he forms the inflexible habit of recording by means of draw- 
ings, accompanied with indexing and description, every fact which 
he determines. These drawings need not be masterpieces of pic- 
torial art, but they should invariably be made as a definite part of 
the study. It is best to make them with a pen, using water-proof 
India ink; they should be dated and the scale shown, and all facts 
relating to the history of the specimen should be entered with it. 
Drawings should all be made on one side of the paper, not on both, 
and on sheets of uniform size for convenience of filing. 

Generai. Works of Reference: Balfour, Comparative Em- 
bryology; Huxley, Anatomy of Invertebrates; Claus-Sedgwickf 
Text-Book of Zoology; Zan^, Text-Book of Comparative Anatomy; 
Xeun/s, Synopsis dcrThier-Kunde; -/^ci^fum'c/i. Invertebrate Morph- 
ology; -Paclrarci, Text- Book of Zoology; Rolleaton, Forms of Animal 
Life. — Riverside Natural History. 
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CHAPTER L— GENERAL NOTES ON METHODS. 

Field Study. The wider and fuller out-of-door acquaintance 
with animals the student can brings to bear upon his study of zo- 
ology the better. The best plan is for him to inspect at all possible 
hours of the day (and night) and at all seasons of the year, at firsts 
places easily accessible, then all sorts of situations to discover their 
ilative fauna; he must consider the timidity of animals with their 
alert senses and approach them cautiously and remain quiet long 
enough to give time for them to recover from fright. His observa- 
tions should refer not solely to their modes of escape from harm, 
but also to the more normal and usual occupations^ such as relate 
to their nutrition and reproduction. The situations in which to 
look for zoological materials can hardly be classified; search every- 
w^here: the walls of buildings, piles of wood or lumber, on and under 
stones, in the grass, on the bark of trees, on leaves and on flower 
clusters, between the bark and the wood of partly dead trees or of 
cord-wood, in rotting wood e. g. stumps, in dry leaves and mould in 
forests; in running, still, deep and shallow water, on the under sides 
of stones in water, on posts driven in water to support wharves, in 
the sand and in mud on bottoms, on stems and leaves of aquatic 
plants; and for parisites in and on all animals. In a great many 
cases animals will be found after waiting, they have hidden on 
your approach, having seen you before you saw them; they will 
come out if you are still and do not keep them terrified. 

Collecting. Modes of collecting the larger and more notice- 
able animals will suggest themselves; smaller insects in the grass 
can be gotten by drawing across it a bag made of white muslin 
cloth, supported on a strong wire frame (opening of about 18x9 
inches); the contents will appear on the cotton and can be removed 
to alcohol or a poison bottle. Many aquatic animals will be ob- 
tained by spreading out, in a pan of water, some of the grass and 
water plants obtained from some pond or stream. The mud, too, of 
such a place will, after standing in water, settle to the bottom and its- 
inhabitants will, after a few hours, resume their common activities* 
The clearer water of ponds and streams is often inhabited by min- 
ute swimming forms; these can be caught by the "tow-net," which 
is a gauze net too fine-meshed to allow any but the most micro- 
scopic animals to escape. Such a net should after towing it through 
the water be washed gently (inside out) in a vessel containing wa- 
ter, and the water subsequently examined in a glass dish on proper 
colored background, when the animals will be seen by their mo- 
tions or form; they can then be caught with a pipette and trans- 
ferred to a watch glass or slide for close examination. The slime 
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on the surface of leaves in the water will often furnish interesting- 
material for the microscopist, such as Protozoa, Rotifers, Naid and 
other worms, Planaria, etc. 

Kll/LING. Larger animals can be killed either by dropping them 
directly into alcohol or corrosive sublimate solution (see page 9), 
or boiling water, or they can be exposed to the fumes of cyanide of 
potash in a "cyanide bottle," or of chloroform on cotton in the bot- 
tom of a bottle kept tightly closed. Careless or inexperienced per- 
sons should not be allowed to use cyanide poison, as it is very dan- 
gerous. The cyanide bottle is made by placing in the bottom of 
an wide-mouthed bottle a few pieces of cyanide of potash and 
covering this with a layer of fluid plaster of paris; the latter hard- 
ens and firmly holds the cyanide in place. Soft animals killed by 
the alcohol or corrosive method should be kept permanently in alco- 
hol; this refers to mollusks, soft larvae of insects, spiders, all verte- 
brates, all Crustacea, etc. 

Preservation. The modes of preserving material are so vari- 
ous with different cases as to permit only a very general statement. 
All soft bodied animals must be preserved in alcohol; drying will 
shrink and alter them too much to leave them available for later 
study. The alcohol used should be at first weak (90 per cent.), and 
then gradually replaced by stronger till a strength of 80 per cent, is 
reached. The water extracted from the animal weakens the alcohol. 
Alcohol which has been used once can be saved and filtered and 
used as a first bath in subsequent cases, and over and over till it 
has entirely lost its strength. Alcohol which will not burn is not 
fit to use for any but perhaps a first bath. Insects and shells which 
have had their contents removed can be dried; -the insects should 
be ''pinned'' on entomological pins and placed in special boxes 
which are dust and moth proof. 

Field Notes. All material collected in the field should be given 
a number, on a slip of paper kept with it, and an entry of a corre- 
sponding number should be made in a note book to show date, place 
and circumstances, including all facts which are not given by the 
specimen itself. The more minute the record of facts the better. 
Facts entrusted to the memory are always discounted when pre- 
sented for acceptance in any doubtful cases. 

Laboratory Work. A few general suggestions on this head 
will be helpful to persons who are working alone and are useful to 
all. The table should be as well lighted as possible, a seat by a 
window with the light falling directly on the dissection is desira- 
ble; of course, direct sun-light is too intense; never shade your work 
with your hand or with books or other objects; a posture not in- 
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T'olving' too much stooping^ is also desirable. All dissections are 
more satisfactory if performed in water (or alcohol), but the water 
must be chang'ed as often as it is rendered turbid, either by running- 
in fresh or by sending^ a stream of clear water on the object from a 
pipette. Where students are working* in classes there should be as 
little dependence on each others work for suggestions as possible, 
the purpose being to find out how to ascertain facts for ourselves; 
w^e already know how to get them by asking for them of other peo- 
ple. A laboratory should be a place of absolute quiet, as quiet as a 
church. The waste material left from dissection should be thrown 
away in receptacles furnished for the purpose, and care should be 
taken that they are either buried, or better, if possible, burned; they 
should not be left where they can putrefy and fill the air with nox- 
ious vapors. The outfit needed for all the work given in the book is 
as follows: Scalpel, scissors, forceps, glass-rod, glass pipette, 
needles, probe, glass slides and cover glasses, cells, bibulous paper, 
alcohol lamp, hand-lens and stand (made by placing an upright 
post in a block of hard wood to carry the hand-lens), dissecting pan 
1 inch deep, bottom covered with layer of paraffine thick enough to 
hold pins, (alcohol absolute,) alcohol 95 per cent., saturated aqueous 
solution of corrosive sublimate, hydrochloric acid, potassium 
hydrate (10 per cent), glycerine jelly, oil of cloves, Canada balsam, 
Borax Carmine, Higgins Water-Proof Drawing Ink; (a description 
of these articles and prices are given in the advertisement of Bausch 
& Lomb at the end of the book.) All tools entrusted to the student 
should be kept in good order, left dry and clean, and all supplies 
borrowed from the laboratory should after work be returned to their 
proper places. Reagents which have been taken from laboratory 
supply bottles should never be poured back into the bottle. After 
work your table should be left in complete order. Material on 
which work is still to be done can be left in alcohol and work on it 
resumed at a later date, if that is necessary. 



CHAPTER II.— THE PHYLUM PROTOZOA. 

While this Phylum does not strictly come within the limits pro- 
posed in the plan of this book, it is too important in numbers and 
morphologically to be passed without brief mention and reference. 
Outline descriptions of a few of the leading genera will hence be 
given, the student being referred to Professor E. Ray Lankester's 
article, "Protozoa," in the Encyclopsedia Brittanica for fuller in- 
formation. 
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1. AMCEBA PROTEUS,'!' lives in the acum on the surfaces of 
leaves of aquatic plants; it is perceptible only with a magnifying- 
power of 300 diameters; its body is made of granular semi-fluid 
gfelatinous material, protoplasm ; there are two layers of the pro- 
topi asm, a clearer outer bounding^ thinner layer, ectoplasm, and 
the central mass which is more gpranular, endoplasm, and contains 
various objects more or less circular in form, these are food in pro- 
cess of dig^estion; besides these there are a central protoplasmic 
mass spherical in shape, nucleus, and a clear spherical object 
which at stated intervals contracts, contractile vacuole. Occas- 
ionally a line can be seen cutting^ across the body; it is an indica- 
tion of the process of Bssion, a mode of asexual production. A 
study of Amceba will convince anyone that in spite of its minute 
size it is really an animal with all the functions which we call vital, 
thougfh on so small a scale. The outline of the body is constantly 
varied by projections of the ectoplasm called pseudopodia, into 
which the endoplasm flows and the animal thus moves forward; 
food is encountered and accepted or rejected, implying^ sensation ;^ 
if accepted the food is surrounded by the animal, engulpbing, and 
is g'radually digested, and later the indig^estible parts are rejected; 
the food promotes growth, which, when the creature reaches a cer- 
tain size, is followed by division of the body and reproduction 
results. 

2. DIFFLUGIA PYRIFORMIS inhabits the same places as 
AmcBba; it is covered with a shell composed of minute particles of 
stone which it has collected in the water; this shell takes the form 
of a vase, from the open end of which pseudopodia reach out and 
seek for food. 

. 3. PARAMECIUM is a very active free org^anism, sometimes 
reaching^ a size which bring^s it near the rang^e of objects barely 
perceptible to the naked eye It is found in water in which vege- 
table matter is slowly decaying; it is oval, covered with cilia, min- 
ute projections of the ectoplasm, endowed with the power of rapid 
motion and used as oars to row the animal through the water; on 
one side a depression leads into a throat at the bottom of which 
food is swallowed by engulphing as in Amoeba. Contractile vacu- 
ole and nucleus are present, a transverse line indicating fission can 
occasionally be seen. In addition to this a mode called conjuga- 
tion, in which two individuals meet and one completely absorbs the 
other, occasionally takes place. 

4. VORTICELLA is found on the fine threads of filamentous 
water plants; it is mounted on a contractile stem, and is globular 

♦See I/eidy, Fresh-Water Rhizopods, U. S. Geol. Survey. 
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in form and carries a ring^ of cilia around the upper end, peristome, 
vrhere also a gullet or passag^e leading^ into the body is located. At 
the bottom of this the food is eng^ulphed. There are as before con- 
tractile vacuole and nucleus, 

5. ROTA LI A is a marine surface animal of microscopic size; 
it is a sing^le ce7/, as are the rest of the Protozoa; has a nucleus sur- 
rounded by protoplasm, the body is surrounded by a shell made of 
lime which it has secreted, the shell is spiral in form and composed 
of a succession of ever enlarg'ing' chambers; long^ and fine threads 
of the ectoplasm are thrust out through the pores in the shell and 
they entangfle food which is thus used to nourish the body. 

As a group the Protozoa include a vast variety of forms, and 
they are of great interest as showing how much is possible in ani- 
mal structure inside the limits of a single cell; they include para- 
isitic as well as free organisms, and live thus in all situations except 
strictly terrestrial ones. 



CHAPTER III. — THK PHYLUM COELENTERATA (Hjrdroids, 

PoljrpSf Medusse), 



Part I.— Cl. Hydrozoa. 

1. HYDRA FUSCA iBrown-Hjrdra)* 

LrvTNG Hydras can often be found on the leaves of fresh-water plants by 
•closely examining them in water, and are best for study, but alcoholic material 
-can be used. The animal must be examined in water (or alcohol) with a hand- 
lens over a black back-ground. On a living animal, note the mobility of the body 
£LS a w^hole, also the independent mobility of the tentacles, the extended and con- 
tracted positions, its occasional creeping movements, its attraction toward light, 
the capture, killing and swallowing of prey, and draw views showing all these 
-observations. This, or any small soft animals, can be preserved by first killing 
them in a saturated aqueous solution of corrosive sublimate— and then chang- 
ing them to alcohol, at first weak, then stronger, till they finally arrive in 80 per 
-cent. Metal tools must not touch corrosive sublimate. 

The body is simple but presents certain definite parts, viz.: the 
base by which it adheres; the tentacles in a ring^ around the end 
•(oral-end) opposite the base; the manubrium, a conical area be- 
tween the tentacles, in the centre of which the mouth is located; in 
some individuals a lump on the side, bud, develops into a new 
Hydra with tentacles, etc.; in rare instances buds have buds grow- 
ings from them; in autumn small rounded lumps, gonads, are pres- 
-ent, one near the tentacles, the orarjr, and one nearer the base, the 
spermary. Illustrate all these points and index. 

*Parkert Elementary Biology. 
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[The DETAILED 8TKUCTUKB of Hydra cakn be studied on a fresb 
specimeii moanted in water, or a preserred one, in £r| jcerine or c:an- 
ada balsam, under the low power compound microscope. The body 
is a hollow sack; its wall consists of two layers, an outer, ecttMiemt, 
and an inner, eadoderm; each layer is continuous to the edg^e of 
the month, and throng^h the whole \eng\Xi of the tentacles; the ecto> 
derm (h. p.) consists of small cells, placed side by side, and on the 
tentacles, includes nettle- cellSy often in lumpy ^^roups; the endo> 
derm consists of lar^e cells used in the digestion of food; the ovary 
is located in the ectoderm and contains a single large cell, the 
OT-um.] 

All objects show better when they are moanted in some flnid medium ; tbe- 
simplest monntinf^ fluid is water; the specimen in this case is placed in tlie cen- 
tre of the slide ^ if thick surrounded by a ceil'>. is surrounded by water and is cov> 
eied with a s^lass cover. Glycerine is a better medium tlian water t>ecaase it 
increases the translncency of the object ; it is used in the same way. If it is de- 
sired to keep the object permanently, glycerine jelly can he used in place of 
S^ycerine; it is warmed and then used as ordinary glycerine, and forms a stiff 
jelly when cold. The best permanent medium is Canada balsam, to use whicli 
the object must first be perfectly de-hydrated, or all its water removed by soak- 
inil^ in absolute or very strong alcohol, then soaked in oil of cloves till it is thor- 
oughly translucent and then placed in the centre of the slide, the clove oil then 
removed with blotting paper as well as possible without injuring the specimen; 
then a drop of balsam is added and then the cover glass. A cell should be used 
in all cases where the object would be so thick as to leave the cover at all oblique 
if not used. The slide should be labeled to show date and treatment of the 
object. 

2. CLAVA ^P. 

The colony is marine and is found on sea- weed, as a cluster of similar 
polyps, zooidBf connected at their bases by threads, rhizoids, which ramify over 
the surface of the sea- weed. 

Single zooids should be separated from the colony and mount- 
ed in g^lycerine; study them and determine and draw their shape; 
the location, number and ehape of the tentacles; the location, num- 
ber and shape of the globular structures, medusa-buds, stmong the 
tentacles. [Examine (1. p.) for double-layered body wall; and for 
nettle-cells.] 

3. TUBULARIA DIVISA iTabularian Hjrdroid). 

This is a marine animal found in colonies attached to stones or 
submerg^ed wood in the ocean near the surface. The colony con> 
aists of branching rhizoids, and tall vertical, slender stems, some- 
times branching' sparingly, bearing at their summits large multi- 
tentaculate zooids; there is only one kind of zooid in the colony. 
Draw. 

A SINGI^E ZOOID, detached with part of its stalk and examined in 
fluid in a watch glass, presents: on the stalk, a chitinous outer 
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sheath, enclosing^ fleshy tissue (a hollow two-layered tube); the flesh 
is directly continuous with the base of the zooid; the chitine disap- 
pears at the base of the zooid; the naked body is pear-shaped, has a 
rinfif of tentacles about the upper end, oral tentacles^ and a second 
circle of basal tentacles, and small stalks, each bearing numerous 
medusa buds. Cut the body open and note that it is hollow. 
[Mount a tentacle in glycerine and examine (h. p.) for two layers, a 
solid centre of square, nucleated endoderm cells, and on outer ecto- 
dermal layer containing nettle-cells.] 

4. PODOCORYNE sp. 

Thb colony is commensal, living on the joints of the legs of 
the "Spider-Crab/* It consists of the usual rhizoid portion, and of 
zooids unbranched and short-stemmed, of two kinds (polymorph- 
ism), viz.: nutritive or feeding zooids, longer, larger and with 15 
oral tentacles and no medusa-buds, and reproductive zooids, gono- 
zooids, with fewer tentacles, and clusters of medusa-buds near the 
summit of the body. Draw. 

If LIVING COLONIES are kept in pure sea-water the medusa-buds 
w^ill be found to detach themselves and become independent me- 
dusse. They can best be studied (1. p.) alive on the stage of the micro- 
scope, but preserved specimens also show the anatomy. It is bell- 
shaped; hollow within, where the body, mahubrium, hangs; the 
mouth is located at the free end of the manubrium, and is sur- 
rounded by oral tentacles; at its base the cavity of the manubrium 
opens into four radial canals, which run in the thickness of the bell 
to its margin and there open into a circular canal in the rim of the 
bell; there are hollow marginal tentacles located at certain deGnite 
points on the rim of the bell; at their bases there are masses of col- 
ored substance, pigment spots, supposed to be visual in function; 
a thin fold at the margin, the veil^ partly closes the mouth of the 
bell; in the inside of the bell, on the radial canals, are located the 
gonads, (The eggs are thrown out into the water and fertilized 
there, and develop directly into larvae, which attach themselves to 
the spider-crab, and, by budding, produce a hew colony.) 

5. HYDRACTINIA ECHINATA. 

The ANIMAL is marine and colonial, is attached to the surfaces, 
of shells tenanted by Hermit-Crabs. The colony is polymorphic, 
consisting of : the rhizoids, bearing feeding zooids with circle of 
tentacles surrounding the terminal mouth; protective zooids, with 
swollen tip well supplied with nettle-cells, but no mouth; and gono- 
zooids, carrying several sessile and undeveloped medusae, which 
do not become free as in Podocoryne, but remain attached to the 
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colony and throw off e^gB to produce new colonies, or spermatozoa, 
according to their sex. 

ZOOIDS of each kind should be detached and mounted in glycer- 
ine or balsam; this will render them translucent and it will be pos- 
sible to ^in an idea of their inner structure. 

a OBELIA DICHOTOMA {CaaamntMlariaa Hjrdroid: 

ObeLIA is found in fazzy maaaeg g^oming on the snitace of sea-weeds at tlie 
ocean sniface near shore. Colonies stow also on stones and on the bodies of 
sedentary animals of many sorte. To see the zooids to good advantage the Hir- 
ing colonies should be examined, since, in killing, the animal contracts so as to 
lose its normal form. Preserved material for examination should be stained 
with one of the carmines and mounted in glycerine or balsam. 

Thb COI/>xy as a whole presents: creeping rhizotds; numerous 
stalks rising from them, which are made up of joints, arranged end 
to end, and supported on minute rings, and, at regular intervals, 
giving rise to short side branches, the whole having^ a zig-z/ag ap- 
pearance. The exact shape and arrang^ement of these parts should 
be determined and a drawing^ made. 

[The best way to see the zooids and their relation to the chitin- 
ous skeleton is to stain and mount. Staining with borax-carmine 
leaves the chitine yellow and the flesh red. Immerse specimen from 
alcohol in borax-carmine, leave it for half an hour, transfer it to 
alcohol to which 2 per cent, hydrochloric acid has been added, and 
wash out the carmine which has not combined with the protoplasm; 
then, either pass through absolute alcohol and oil of cloves into 
balsam, or mount direct in g^lycerine.] 

A SINGLE STALK closely examined presents: a thin chitinous 
ejrternal skeleton, which is jointed; this can be divided into: the 
joints and ringfs, reg^ularly arranged, and minute cups on the ends 
of the short side branches, bydrothecsej which contain the nutri- 
tive zooids, whose body and tentacles can (in favorable specimens) 
be seen. The chitinous skeleton encloses in all parts a stainable 
inner substance, the two-layered tubular flesii connecting^ the 
zooids. Besides the hydro-zooids which are enclosed in the hydro- 
thecse, there are occasional larg'er oval chitinous cases arising at 
the same joints as the hydro-zooids; these contain gono-zooids, a 
central fleshy stem, staininf^ red, and rounded medusa-buds, which 
are set free and produce eggs throug'h which new colonies are 
formed. 

Thb MEDUSwE, (obtained by rearing^ a colony in sea-water,) differ 
from those of Podocoryne in important respects, viz.: they are not 
bell-shaped, but broad and flat; the tentacles are numerous and at 
reg^ular intervals, not especially related to the radial canals; at the 
bases of some, in place of pig^ment spots, there are otocjrata, small 
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hollow vesicles, containing^ a highly refractive otolith; these are 
often called ''auditory organs/' but are regarded as organs of the 
equilibrium sense, and not of hearing. 

7. SERTULARIA PUMILA (Sertalarian Hjrdroid). 

This is a colonial marine form attached to sea-weed. It is not so dense as the 
colony of Obelia, but loosely branched, and the zooids are not stalked but are 
seated directly on the stem (sessiie). 

The SKBLBTOX of Sertularia covers the flesh completely. After 
the form of the colony as a whole has been determined and drawn, 
a small representative part should be cut off and mounted in glyc- 
erine. The hand-lens (or low power) will show: a central stem, 
bearing at regular intervals, opposite narrow-mouthed cups, hydro- 
thecse, which in life lodge the retracted hydro-zooids. In addition 
to the hydro-thecae, there are occasional much larger sack-shaped 
gono-thecsBf attached to the main-stem at the same level with the 
hydro-thecae; these, in life, contain a central fleshy stalk bearing 
medusa-buds which, never become free, but throw off eggs and 
then wither away. [The feeding polyp of this colony is slender, 
and, like Obelia, has one circle of tentacles and bears no medusa- 
buds.] 

These descriptions can be applied not only to the Hydroids for which they 
are drawn, but, with change to cover the differences of form, proportions, etc., 
to most of the common Hydroids of either the Atlantic or Pacific coasts. The dif- 
ferences that can be found are only of detail and not of fundamental body plan. 
The collector need not confuse some of the sea-weeds and the Polyzoa with this 
jcroup, if a careful study of the anatomy be made. 

BIBL. —Alltnant Monogr. Gymnoblastic Hydroids, *71; A^assiz, Seaside 
Studies, '65; Brooka, hife Hist, of Hydro-Medusae, '86; Bunting:, Journ. Morphol, 
'94; FewkeSt Medusae of Gulf-Stream, Ann. Rep. U. S. Fish Comm., '86; Hincka^ 
British Hydroid Zoophytes, '68; Huxlejr, Oceanic Hydrozoa, '59; Kleinenberz, 
Hydra, '72; iaaAes^er, Art. "Hydrozoa" Encyc. Britt., '90. 



Part II.— Ci.. Scyphozoa. 

1. METRIDIUM MARGINATUM {Sea-Anemone, PoIrP)^ 

Metridium is found attached to stones or timbers on the shores of the At- 
lantic ocean from New Jersey to Labrador. Very little idea of it can be had from 
dead alcoholic material. It should be seen alive to be appreciated. It can also 
be studied from prepared sections. 

The LIVING SPECIMENS should be kept under observation in 
aquaria, where quiet treatment will encourag^e them to expand to 
their fullest extent; they will then display: a body, cylindrical in 
shape, attached by its base and bearing* an opposite oral end, in the 
center of which is the mouthy and at the margin a large number of 
actively motile tentacles. The substance of the body is watery and 
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translttcenty allowing, if toij^tly iilaniiiiated, an indistiiict Yie^r of 
the interior, which is better aeen in sections to t>e diTided bj vert- 
ical wallSy septa^ into a Iswg^ number of radial fJiamberB, all opeo- 
inis^ into a central stomach cavitj. A tliroat (lined with ectoderm} 
leads dow^n from the month and opens into the stomach. 

The living creature can be experimented on bj gently touching- 
the tentacles to note the withdrawal; and by roughly pinching the 
body when the oral end is drawn in and the animal takes a conical 
contracted form. Strong chemical reagents have the same effect, 
and this prevents their preservation expanded, except by most care> 
ful methods. Ix>ag white threads, acontia^ covered with nettle- 
cells, are thrown out through the body wall during agitation. 

In 8ECTIOXS, which should be taken crosswise through the 
throat and also through the stomach levels, the student should ob- 
serve: the single layer of ectoderm on the outside and lining the 
throaty the supporting^ lamella which is infolded at the septa, the 
double layer of endoderm on the septa and its single layer next the 
outer wall, the expanded septal Blaments at the inner ends of the 
septa, and, if present, the gonads in the septae. The number of septa 
should be counted and it should be determined whether there are a 
multiple of six. [It should be further noted that this polyp is one 
of the non-coral forming actinians, in contrast with Astrangia, 
which, while similar in soft-anatomy, does form a coral skeleton.] 

2. ASTRANGIA DANVC (Tlie Corai Polj^p). 

This Actinian is found in the Atlantic ocean on shelly bottoms in shallo^r 
water, from Cape Cod to Florida. The animal to be studied at all satisfactorily- 
must be studied alive. 

The colony as a whole is attached to a shell or stone and con- 
sists of round clusters of radial plates, above which the transparent 
flesh of the animal rises to a low conical oral- disk at the free end, 
in the center of which the elongate mouth is situated; a number of 
slender tentacles radiate from the oral-disk arising on its edge. A 
view of the colony should be drawn. 

If the LIVING COLONY is kept quiet in sea- water the zooids will 
expands and present clear views of their parts, ^ach will be found 
to exhibit eig^hteen tentacles, and, on close inspection, the throat 
and mesenteric septa can be seen in the interior of the body. The 
internal structure must be determined by sections or by dissection 
of larger Actinians. 

The skeleton, coral, shows, in the round areas, the location of 
the zooids; each of these presents a marg^in and in the centre radial 
plates of lime, in number a multiple of six; primary and secondary 
plates can be disting-uished, in some cases the area is elongate and 
there are two radial systems of plates; these are the bases of polyps. 
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^which were in the act of dividing^. The colony may be larg^e and 
branched. Other corale of this order are comparable with this, 
with, however, in some cases, as the Brain-Corals, little direct sim- 
ilarity. 

SCYPHO-MEDUS>E live free in the surf ace of the ocean ; they are discoidal 
in shape, quite large, commonly &-12 inches in diameter; they have a central 
manubrium with tentacles, and the margin of the disk is tentacular ; the germ- 
inal cells are formed in the endoderm, but escape by bursting through the walls 
of tbe underside of the disk. The larval form is a sort of hydra-stock from which 
disks are propagated by **strobilation," a sort of traverse fission. Accounts of 
tliem and bibliography are given in the Brittanica article, Hydrozoa of Zrankes- 
ter, who has assigned them to that class rather than to the Scyphozoa. 

Bl BL.—-^ g'QSsiz, Three Cruises of the Blake, '88; Agaasiz^ Smithsonian Con- 
tributions, 671, '89; Dana, Corals and Coral Islands; J^a^ie^, Actinozoa, £ncy. 
Britt., *90; McMurricb, Proc. U. S. Nat. Mns., xvi, '93; Journal of Morphology, lii, 
iv, v; Nicbolaon^ Art. Corals, Ency. Britt., *90; H. V. Wilson^ Journal of Morphol- 
ogy, ii, '89. 



CHAPTER IV.— THE PHYLUM PORIFERA (Sponges). 

1. LEUCOSELENIA {The Calcareous Spongre). 

The "sponge" of commerce is only the skeleton of sedentary, lowly-organized 
marine animals, belonging to a class of the '*Homy Sponges" of much more com- 
plex organization than Leucoaelenia. The flesh has l>een entirely removed by 
soaking in water, but the fibrous skeleton preserves the form of the original. 
Their organization becomes intelligible if we approach them through the calcar- 
eous sponges, of which several different kinds are found growing in salt w^ater on 
stones, piles, sea-weeds, etc., at low tide level. JLiving specimens should be ex- 
amined, and material preserved in alcohol after passing through a killing fluid, 
such as picric acid or corrosive sublimate. The colony should be studied entire 
in alcohol and the single zooids removed, stained and mounted in glycerine or 
balsam. 

The corx)NY presents: one or more main cylindrical or vase- 
shaped stems, connected below and all attached by a common 
base, and numerous smaller divisions, buds, jj^rowing^ from the 
main stem; in some instances these buds are forked; they have 
various positions and size. Draw the colony. 

The ZOOID* is a thin walled hollow tube; its cavity, the cloaca,- 
open at base to the rest of the colony, the summit of the body is 
directly open, the osculum, but guarded by a crown of sharp- 
pointed spicules of lime; in life a constant current of water flows 
out throug^h the osculum, which is often called "excurrent orifice." 
The wall of the body is beset with tri-radiate lime spicules, im- 
bedded in the flesh, but not connected to each other. The surface 
wall of the body is everywhere perforated by holes, iacurrent ori- 
£ces, placing the water outside in communication with that in the 



♦See Ency. Britt. Art., Sponges, Fig. 1. 
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ciodca. and the bolee are lined witli flagellated c^eXls vlioBe action 
propelle the water, thereby brifi^fliig food, vhich they captnre and 
di^et for the g^ood of the bodj as a whole. The buds axv «ri«iiia»^ to 
older £ooide, but hare no oacnlnm. 

Hicrosoopic tran^rerse sections show that the wall is oomp ooc d 
of an inner ceJlolar lajer, eadoderm^ v^hicfa also passes into the io- 
halenl p<»^e€, and an outer nucleated lajer, ectoderm, not distincrtly 
cellular, between which two are spaces containing xarions kinds of 
cell«, including^ the gnerminal cells. It is in this part that tlie 
spicules are formed. 

2. eUSPONGlA OFFICINAUS SJict^Sj^iis^ .. 

Tlie «»po«£?^ of cuxnaaeroe ax« of 11ii« tjpe. and tbejr differ from LeocoBoleBiai 
in the i^c eat complex^ity of tbeir incnrrent eyeteni, tbe vail <tf tiie tT'pical vmae 
b(dxi|f l^reatly i^creaMKi is thirJrtiee&. S. officinalis can be iiad at drac-storea. Xt 
li\'t« OKI the cozal reef ^ of Florida. 

The BODY as a whole, in a perfect specimen, presents: a conical 
iomx, with broad ha.se, and a summit w^here one or more otsca/a are 
located. Slice a drj specimen in two equal halves; you now can see 
the central c/oaca <or there may be more than one communicating); 
in some places you will also be able to trace incnrrent passatges 
from the mnrhkce toward the cloaca. Ihaw, both the surface and the 
section. 

Make a tbia section of the homy skeleton, mount it in water 
and examine. Note: the very fine chitinous Bbres seeming- to ran 
in all directions; study ihem closely and note that they all join so 
as to make a continuous network; there are two sets: one of larger 
fibres, which run somewhat parallel upward and outward from the 
base, and smaller fibres interlacing between the larger ones. Draw 
a Tiew showing the arrangement of the fibres. 

Cotnjiare other eponges witli thie« trying to fixid in tiiem as many as possible 
of these parte. 

Ihere are several fonns of fiesh-vater sponges. They gixs/w on sobmefs- 
ed wood ; havint^ the appearance of a green or brovn crust on its sni£aoe. A 
close eJKansination vill di&close larger oscula and innnnierable minnte incunent 
pores. The body wall does not assame the vase shape, bat is broadly spread ont 
on the surface of the wood. There are specules of silica in the wall, on ^irhose 
form the determination of the systematic relations is in part based. 

mWL.—Bowerhank, British Sponges, RaySoc.,^66; Carter, Sponsilla, Ann. 
Mg. X. H.. '57; Dendjr^ Anat. of Sponges, Quart. JnL, xxix, '»; H&ectiel, Die Kalk- 
schwaensme, *72; Hj^att, On Sponges, Am. Nat., xviii, — ; /?j-rfer, Camara, Proc. 
U. 8. X. MujB. 3, — ; ScbuJze, On Sponges, Nature, xxxix, '89; 5oZ7as, Sponges, E. 
Bxitt; Scbuize, Hexactinellidae, Challenger Zoology, xxi, 'S7; Voamtter^ Porifcra 
in Bronn's Klai^sen u. Ord., '87; Von Lendenfsid, Xgr. Homy Sponges, 'SS; ITii- 
SOOt H. v., Dev. of Sponges, Joum. Morph., '•L 
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CHAPTER v. — THE PHYLUM ECHINODERMA (Star-Fisb, 

Crinoids, Sea-Urcbins, etc). 

1. ASTERIAS FORBESII. 

This star-Gah lives on rocky or sandy bottoms on the shores of the Atlantic 
ocean and adjacent bays and sounds. It can often be found in tide-pools at 
low water. Live specimens should be observed to note their mode of locomotion 
and the use of the tube-feet. They can be killed by immersion in fresh-water 
then either preserved in alcohol or dried for the later study of the skeleton. 

Externally they present: a central disk, five radial arms, or 
rays; a deeply grooved ventral surface and an opposite dorsal sur- 
face; a znoutb, located in the centre of the disk; a madreporic plate, 
located on the dorsal surface on the edge of the disk and at the meet- 
ing of two of the arms. The groove, ambulacral, groove, on the 
ventral surface of each ray, is bordered by a distinct row of spines 
[in the groove dried remains of the tube-feet mar be visible]; the 
arms and disk are furnished with spines; these are arranged in a 
definite mid-dorsal row, and a couple of rows parallel with the bor- 
der of the groove, elsewhere they are not definite in position; they 
are surrounded by a circle of minute pedicellarise; these are snap- 
ping, jaw-like structures, barely visible with the hand-lens. Draw. 

Internal anatomy.* Take a preserved specimen of Asterias, 
carefully cut away the dorsal surface of one of its rays so as to dis- 
play the organs within; in the same way remove the surfaces of two 
other rays; do this under water in a wax-bottomed pan. Notice: the 
body-cavitjr, or space containing the various organs, and that the 
body- wall is lined with a delicate skin, mesentery, which is reflected 
so as to support the organs. Carefully remove the dorsal surface 
of the disk, cutting around the madreporic plate so as not to injure 
it. Notice: the large soft masses running the entire length of the 
arm, bepatic caeca; they have a central duct and side chambers 
connected with the duct, and, at the central end, a single duct formed 
by the junction of the two ducts; this single /lepa tic duct should be 
traced till it enters a five-angled organ in the centre of the disk, the 
pylorus. Cut away the hepatic ducts and display the loose-walled 
stomacb immediately under the pylorus; note that it bulges out 
into the bases of the rays, and at each of its angles is attached to 
two tapering slips of tissue, retractor muscles, which run along the 
middle of the ventral surface of the ray. Gently raise the under 
side of the stomach and note the constricted throat and mouth in 
the centre of the disk, and the membrane, peristome, which closes 
the ring of bone. (A tube, the rectum, is generally destroyed in 

♦It is easier to open Asterias if you first dissolve the lime of the skeleton by 
soakini; in 5 per cent, hydrochloric acid ; this will not injure the flesh for dissec- 
tion. For description see Parker, Elementary Biology. 
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openings the disk; dorsally, it opens to the exterior, anua; on Ibis 
tube a branching or^an, the reapiratorjr tree, is located.) Dra^v, 
and then remove the alimentary org^ans. 

The JSEPRODUCTIVB ORGANS are in pairs on the outer sides of tbe 
bases of the rays; their size varies with the breedini^ season; they 
consist of a central duct, which bears on all sides very numerous 
small spherical bodies looking^ like miniature bunches of grapes, 
which produce eg'g^s or sperm cells; the sexes are separate; [tbeir 
ducts open at the junction of the rays; the gfonads can be removed, 
stained and mounted in gflycerine, and their parts examined under 
the c. m.] 

The water- vascular system, is a complex system, whose func- 
tion is not very well understood. It consists of: a quadruple ro^w of 
small bladders, ampullae, in the floor of the ray, with tubular con- 
nection between the bones into the sucker-bearingf tube-feet in the 
ambulacral g^roove; a longitudinal water-veaael, which connects 
the tube-feet, lies in the skin in the ambulacral g^roove (seen in cross- 
sections), and runs at its base into the circular water- vessel; [a cir- 
cular waier-veaael, which underlies the oral-bonea, bounds the 
peristome;] the veaiclea of I^oli, five pairs of larg^er bladders at the 
bases of the rays, connected through the oral-bones with the circular 
water-ve88el;a tubular duct, the sfone-cana/, lined with lime, extends 
from the circular water-vessel up to the madreporic plate at the 
base of one ray. 

[Circulatory and nervous systems are present in the skin in 
the under side ol the ambulacral groove; they are best seen in micro- 
scopic sections of the groove, but cannot be readily demonstrated 
by ordinary dissection. Besides the retractor muscles of the 
stomach there are muscles in the skin which bend the arms 
stoutly] . 

The skeleton is composed of great numbers of short pieces of 
lime, jointed together in the skin, so as to combine strength with 
some degree of flexibility. If a ray be soaked in weak cold alkaline 
water over night the flesh will be partly dissolved and the bones be 
separable; they are definite in position. There are: a double row of 
afnbulacral bones in the mid-ventral line of each ray; these are so 
placed as to leave a row of holes, through which the tube-feet pass 
out; they adjoin on their outer ends, and alternate with, a row of 
bones, which carry each two spines, and bound the ambulacral 
groove on each side; opposite about each three of these, a single 
bone reaches across to join cross-shaped bones, which form a dis- 
tinct row, and each one of which bears a large spine. There is a 
second row of cross-shaped bones, parallel with the first, also bear- 
ing spines; then the side and dorsal surface of the ray is closed in 
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with short bones, forming a g^eneral net- work, at their junction the 
remain in gf spines are carried, excepting^ a dorsal row carried on a 
mid-dorsal row of cross-shaped bones. In the disk the madreporic 
plate and stone-canal have been already mentioned; also the oral- 
bones, of which there are five pairs, each pierced with a hole for the 
passag'e of the vesicle of Poll. There is no difference between the 
skeleton of the disk on its dorsal side and that of the rays. The 
spines are attached to the bones of the arm by a sort of ball and 
socket joint. The minute *' minor pedicellarise*^ are clustered at 
the bases of the spines or scattered in the skin generally; they 
should be examined with a low power (x20) to show the two jaws, 
which, in life, keep up a constant snapping*. Draw a view showing^ 
the arrang^ement of the bones of the ekeleton. 

The devblopment of the star-fish Is very remarkable and can be readily 
followed by persons located at the sea-side. The esgs can be artificially, fertilized 
and are amon£: the most favorable objects for watching the segmentation, and 
the phenomena of maturation and fertilization. A larval form, which is bilateral, 
is produced, inside of which the radially symmetrical star<fish is produced. The 
larval stages are abundantly met in the " tow-net stuff." For details on this line 
various Kmbryological works must be consulted, such as Balfour's Comparative 
Embryology; help is given also in Brooks' Invertebrate Zoology. 

OTHER STAR-FISH should be compared with Asterias, at least with regard 
to external anatomy, and comparative drawings should be made and indexed so 
as to draw attention to the comparisons. If material permits, dissection of the 
internal anatomy and of the skeleton should also be made. 

2. OPHIOPHOLIS BELLIS. the brittle-star, is common on sea- 
weeds, on the shores of New Eng^land states; it creeps with a slow 
serpentine motion of its arms. The body is very distinctly divided 
into a disk and five arms, the arms beingf wholly distinct as to skele- 
ton from the disk. There are distinct oral and aboral surfaces; 
there is no ambulacral g^roove on the oral surface of the arms. 
There is no distinct madreporic plate. The arm is covered with a 
series of plates, consisting' of a dorsal and a ventral plate, and on 
each side, a side plate, bearing a definite number of spines. If the 
arm be softened the covering can be removed, displaying inside a 
row of vertebral bones, equal in number to the covering series; 
each one is composed of two equal halves, closely joined in the mid- 
dle line. The disk, on the ventral side, presents a five-sided mouth 
opening; soak it and remove its dorsal skin; in the interior the 
vertebral bones are seen to cross into the disk and abut upon five 
pairs of oral bones, which meet inter-radially and bear dental 
bones at their junction, covered with small teeth, 

3. STRONGYLOCENTROTUS DROEBACHIENSIS, the sea- 
urchin, is found in tide-pools and shallow water off the shores of 
New England and the middle states. It is flattened spherical in 
shape, more flattened on the oral side, and is covered with long, 
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mlender, sharp mpines. Tlie bodj is c o iaed vitb a test oi iminoY- 
abl J articalated piecea, wliich do not reacli the centre of the oral 
aarlace, bat leave there a apace, the peristome,, c o icied with a thin 
membrane^ The ce ntr e of this membrane is occnpied bj fixe wiiite 
pointed teetb, Semore the spinea, noting^ that thej are reg:iilarljr 
radiskilj arranged, and wash the test with warm, slightly alkaline^ 
water, to clean off the remains of skin, and allow it to dry. 

beginning at the peristome, fire anMbuI&cral rows^ each tiearing* 
doable rows of minnte pores, encircle the shell and meet at the apex 
of the dome. These rows alternate with fixe lofer-ambii/acrai 
TOww, not perforated, bat bearing conspicnoos l^osaes, for the ar- 
ticolation of spines^ The aboral pole is encircled by a series of 
bones which hare homologies widely among the fichinoderms. It 
consists of five larger genital plates, terminating the interambol* 
acral rows, each is perforated by a large genital openings and one» 
the larger, carries the madreporic plate: and there are also five 
small bones, ocular plates^ alternating with the genitals and cx>m- 
pleting the ambolacral rows. Each is minutely perforated by the 
ocular pore; these plates are not sjrmmetrically arranged around the 
center of the pole, their exact position should be determined and 
compared with that of allied forms (e. g^ Arbacia, Cidaris). The 
Ambulacral rows and inter ambolacral rows are farther made ap of 
small l>ones, in pairs, which, in tests that have been soaked long 
enough to decay their ligaments, should be separated and their out- 
lines and mode of articulation clearly determined. The articulations 
of the spines should be made out. The Teeth mentioned in the centre 
of the peristome are the outer ends of a complicated jaw. called by 
the fanciful name of Aristotle? s Lantern. 

4. ECHINARACHNIUS PARMA, the sand-dollar, is found on 
sandy bottoms near shore on the New England coast. Its form, at 
first, apparently unlike that of the sea-urchin, shows many points 
in common. There is a covering of minute spines, these when re- 
moved allow us to see a much flattend shell, greatly depressed from 
pole to pole, one surface oral is perforated by a central peristome, 
within which five teetb are visible, the aboral surface risen to the 
center, which is the aboral pole, around it are five leaf-shaped 
petaloid areas which, by inspection are proven to be five ambula- 
cral rows, minute ocular pits are located at their summits; five 
interaznbulacral rows alternate with them, and terminate in fotir 
(not five) genital pores, the centre of the. pole is occupied by the 
madreporic plates. The margin of the test is perforated by the 
opening for the anus, which is located in the middle of thatinter-^ 
ambulacral area from which the genital opening is wanting. The 
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oral surface is quite unlike the aboral, there are no ambulacral open- 
ings, there are, however, twenty rows of plates which are continuous 
w^ith the aboral rows. 

5. PENTACTA FRONDOSA. the sea- cucumber, is common on 
the coast of Maine, and farther north, on the rocks at low tide level. 
Unlike the star-fish and sea-urchins its body is not covered with 
shelly plates, but is leathery; it, however, has the same radial 
symmetry as the other echinoderms. Its form is g^lobular as in the 
sea-urchin, but unlike them its polar diameter is greater, prolate, 
the animal thus rests on its sides and not on the ventral surface, as 
do the sea-urchins. The oral pole is at the anterior end; and the 
aboral, at the posterior end. The sides, however, do not differ and 
there is thus little bilateral symmetry in Pentacta. The oral end is 
furnished with branching^ tentacles in five sets of two each, one of 
the sets is rudimentery, making* in all eight functional parts. The 
tentacles are situated upon a p/iar^xijr which, by the action of two 
sets of muscles, can be either pro-tracted or retracted. Five rows 
of tube feet pierce the body wall at equal intervals and run from 
the oral to the aboral pole, they mark the ambulacral areas. Un- 
derlying these areas inside the body cavity are the radial water 
vessels, the radial nerves, and strongly developed radial muscles. 

Internally the anatomy in part resembles that of the echino- 
derms generally. There is a cartilaginous ** lantern*^ through 
which the throat passes, the alimentarj- tube has no hepatic-caeca^ 
it is longer than the body and is consequently folded; it is supported 
from the body wall by a mesentery. Near the anus there is an 
organ opening into it which runs forward, becoming much branched 
as it goes, it is called the respiratory tree\ its walls are pulsatile; it 
is supposed to be a respiratory organ. A circular water vessel 
surrounds the throat, it has two large Polian vesicles attached to 
it, there is also attached to it a stone canal which, however, opens 
not to the exterior but to the body cavity. There are radial vessels 
and ampullae in the ambulacral areas, and tube feet. A blood 
vascular system is present, but unlike that of Asterias,it consists of 
a circular vessel from which branches are distributed to the respir- 
atory tree. The nervous system is on the typical echinoderm plan. 
The reproductive system is located in the body cavity, it has a sin- 
gle terminal outlet at the bases of the tentacles; the branches of the 
gonads are interlaced with the divisions of the respiratory system; 
the sexes are separate. There is a larval form having the main 
features of the echinoderm type called an auricularia, 

[Some of the sea cucumbers are much more bilateral than Pentacta. 
Cuvieria has one surface distinctly modified as a foot on which it moves while 
the rest is covered with overlapping, bony plates, it has thus a strong, superficial 
resemblance to the " worms " and is only shown to be an echinoderm by deeper 
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study. It is interesting to note tlie very different ways in wliicli tlie sea-urchinf* 
and sea-cucumbers liave been modified from radial in tiie direction of bilateral 
symmetrj*^, though without reaching it; in the former the depressed bod.y has 
specialized the margins of the oblately flattened sphere as in the sand-dollar » 
and more deeply still in the Spatangoids, one part of the margin thus becominip 
the anterior end, towards which the mouth is attracted from the centre of tlie 
ventral surface ; while in the sea-cucumber, the animal lies on its side and is thus 
elongate in its polar diameter, and then the sides are differentiated as dorsal 
and ventral.] 

CRINOID8 are chiefly important as fossils, in some inland regions remains 
of their skeletons are found in the rocks. The animals, some of which are still 
living chiefly in the depths of the sea, are on the ** brachiate ^* plan of Gclii- 
noderm structure; the arms, five in number, are branched at the margin of tlie 
disk and rebranched so as to be loosely, many-divided peripherally ; the disk is at- 
tached in the centre of its aboral portion to a stem [made up of a series of stony 
pieces, joi a ^8j , sometimes of a length of several feet, various strata (particularly 
palaeozoic) contain pieces of the stem and more rarely remains of the disk or 
arms of crinoids. 

BIBL'— ^£assiz, Sea Side Studies, '65; Brooks, Inv. Zool.,'82; Bao^t Quart. 
Jnl. Mic. Sci., '89; Butler, Art.Echinoderms,K.Britt.,*905 CarpeD^er,P.H.,Quart. 
Jnl. M. S. , xvili; Clark, Bull., U. S., Geol. Svy., No. 97; Lj^metn, Bull. Mus. Comp. 
Zool. '74; Packard, Text Book of Zool. ; Thorn paon. Depths of the Sea. '73; Verrilh 
Ann. Rep. U. S. Fish Comm. for year '83; Proc. U. S. Nat. Mus., vlii; Vineyard 
Sound Report. 



CHAPTER VI.— THE PHYLUM SCOLECIDA. 

1. PLANAR I A TORVA, one of the flat worma, is found in fresh- 
water, moving^ over the surface of submerged objects; it is often 
found on leaves, etc., in water, by searching* their surface closely 
with a hand-lens. It is elongate, half an inch long, broad anterior- 
ly, in which direction it moves with a steady progression, and is 
pointed posteriorly; it is dark brown in color; in the middle of the 
anterior end there are two black eyes; the mouth is located in the 
centre of the ventral surface, and there is no separate anus. The 
aliaientarjr system consists of branching tubes, which pass into 
all parts from the mouth as a centre; some indications of these can 
be seen by viewing the animal as a transparent object. The body is 
covered with ciliay used in locomotion, of which indications can be 
seen in a specimen mounted alive. The structure can best be 
studied by reconstruction from serial sections. 

2. O. CESTODA, the tape worms, can be sometimes had by 
searching through the intestine of cats or other carnivora. Only 
the most superficial facts can be made out by the beginner, the 
study of sections being absolutely necessary, as a method in this 
group. The body (if entire) consists of an anterior "head," which 
is enlarged in front, on whose summit there is placed a ring of 
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chitinous hooks and four suckera. There is no mouth on this 
"head," and there is no alimentary system present in any part of the 
animal. Behind the head, the body is divided, by transverse divis- 
ions, into a IsLTge number of separate and distinct proglottida. 
These are all of them alike, and consist chiefly of an elaborate 
hermaphrodite genital system, whose openings is located on the side 
of the prog^lottid. Each prog^lottid is thus a sexually perfect ani- 
mal, and, if detached from the chain, is still capable of reproduc- 
tion. The proglottids are developed by a process of atobilation in 
the area just behind the head. 

3. O. NEMATODA, the thread worms, are represented by the 
vinegar-eel, An^uillula aceti. It is obtainable by diluting a few 
drops of the "mother of vinegar" with pure water, when the "eels" 
can be barely seen with the hand-lens. The specimen must be 
mounted and studied with the compound microscope. Its cross- 
section is thus seen to be round, not flat; it has a blunter anterior 
and a sharper posterior end. Its movements are produced by means 
of muscles, its body being cuticular and non-ciliated. The aliment- 
ary system is a continuous tube, with mouth and anus, and is dis- 
tinctly divided into regions, viz.: a throat, a muscular gizzard and 
a glandular portion. There is a nervous system, but there are no 
organs of special sense. Reproduction is solely sexual and the 
sexes are separate; the eggs in various stages of development can 
often be clearly seen in the genital duct of the female. 

C. ROTIFER A is made up of microscopic animals, of various 
forms; their leading trait is the possession of two ciliated lobes, 
which are located on each side of the mouth at the anterior end of 
the body, and they generally have at the opposite end a sort of tail 
made up of two pieces, which appose each other and serve as a 
grasping organ. Their organization is very complex in spite of 
their minute size, and includes alimentary, excretory, respiratory, 
muscular, nervous and sexual reproductive systems. The body is 
sometimes jointed externally, but, if so, there is no internal seg- 
mentation like that of the true segmented worms (see Annelida). 

The Phylum Scolecida includes a lar^^e number of parasitic animals, many 
of them closely related to man, and hence of great importance; but they are not 
adapted to elementary work in the laboratory, and their mention here has there- 
fore been very meagre. The subject can be looked up from the following bibli- 
ographical listf if desired. 

BIBL.— GENERAL: Co66o/d, Entozoa, '64; Geddea, Art. Parasitism, E. Britt, 
'90; liiiiroc, Bull. U. S. F. C, ix; Ann. Rep. U. S. F. C, for year '86; Proc. U.S.Nat. 
Mus., XV, '92; Van Beaeden^ Animal Parasites, in Internat. Sci. Series. 

PiANARlANS: Graff, Art. Planarians, E. Britt.; Lang, Polycladen, Fauna of 
Gulf of Naples, '85; Moaelejr, Phil. Trans., '74; Wheeler, Journ. Morph., ix, '94. 

TreMATODA: Hojrie, Art. Trematoda, E. Britt.; Francis, Bull. 18, Texas Ag. 
Station, '91; Thomas, Quart. Jnl. Mic. Sci., '83; Wris:ht and McCallam, Journ. 
Morph., i, '87. 
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ic iax.iort:ajiate t^ecanse it ' 

vitis tbe troe Jf ollisd. trai i2>ear as£i^:sa>ezn to tlK 

tf^^MSkHj JUJxk^ciouMt ii>ciT flsntaal rtlauoa. is spitie oi their 

^rermt a iil w ai d form is ^;e»cfal!jr accepted. Tbe Pb jlnflu is diieflx 

a fluruae oxke, tbe brachiopods are vhollj so. bm foi^sC rcmainw of 

h<0ih jpxntpc are co conunos in the Ccatial states i2iat a rpoogaitioo 

oi tb^sfli is decarabJe. 

Tbe POLTZOA I veli treated in the Brittanica by R K. Lankester, 
to wbicb refetence can be made for particulars are small bot com> 
pl4;x aoimalff, alwajs lirin^ in colonies: the zooids oocnpj wnall 
chambers into wfaich they retreat on alarm: in fresh vater they are 
lonnd attached to stones and submerged sticks; if the colony be kept 
altTe and quiet the xooids will be tempted out and th^r horae-«hoe 
shaped arms with long and graceful tentacles will be Tisible under 
a hand lensi The mode of association of the zooids is TarioaB and 
giTes rise to sereral different kinds of skeletal growths; one of these 
im represented in fresh water, it is a loosely branched 'mossy* 
chitioons mass, somewiiat resem bling the hydroids: on the main 
stems are located the cellm or coTerings for the zooids. In other 
kinds the zooids secrete lime in the form of a scaly incmatatioa 
with the cells close together, and dotted with the openings of fhe 
cells, which are visible with a hand lens or barely with the naked 
eye. Colonies of this kind as well as the next are often found fossil 
in the paUeozoic strata. The third form of skeleton is a branching- 
coral-like calcareous structure whose surface is marked at close in- 
terrals with minute holers, the openings of the cells. 

The Class Bkachiopoda (see £. Britt. Art. Brachiopoda) is 
entirely marine, and though of great importance in early geological 
times is now nearly extinct. Their remains are met frequently in tlie 
central states as fossils. Though externally unlike the polyzoa, be- 
ing solitary and not colonial, and comparatively large, they are 
internally like them in many structural points. 

They are covered with a bivalve calcareous shell, which is often 
confused with the shell of true mollusks, but from which it dif- 
fers radically. The brachiopod shell is always bilaterally symmetri- 
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cal, that is its two aides are alike, as rights and lefts, and the two 
valves are different and dosal or ventral to the animal. The mol- 
luscan shell on the other hand is not bilaterally symmetrical, but 
the two jralrea are alike, as rif^hts and lefts. The remains of both 
these classes can be found as fossils in many localities and the ex- 
ternal facts easily demonstrated. 



CHAPTER Vlir.— THE PHYLUM MOLLUSCA (Shell-Fiab), 



Part I.— Class Lamellibranchia (MuaselSf Clams) 

UNIO* 8p. {Clam, Fresh-Water Musael). 

The HONE of rj/iio, and its close sWy^ A aodonta^ is in rivers and lakes, wiiere 
it can be found by closely inspecting the bottom. The animal lies buried in the 
sand, all except the posterior end of the shell, which in color imitates an oval, 
greenish black stone. A living specimen should be placed in a tumbler 
surrounded with sand in a " natural " position. After a short time of quiet the 
two shells will yawn apart disclosing two holes, Siphona^ surrounded with 
greenish tentacles, a constant current passes in at one of the holes, incurrent, 
and another out at the other, e^rc a rren^, a third hole can also be seen. If the 
tentacles be touched gently, the sipons will be withdrawn and the shells closed; 
the action will be violent and *' squirt " out a jet of water, if the disturbance is 
forcible. 

1. The Shell. Study a dried shell of Unio. It entirely encloses 
the fleshy parts; it is composed of two similar valvea; the convex 
outer surface, g^reenish in color from the epic/erm/s, a thin chitinous 
layer, presents: concentric linea of growth^ which center around a 
rounded umbo; the umbo is not located in the centre of the valve, but 
nearer the anterior and nearer the doraal border; the two valves are 
connected by means of a transverse hinge ligament composed of 
chitinous substance (a modification of the epidermis) and (in Unio) 
held by certain hinge teeth, which fit closely together. The con- 
cave inside surface of the shell is lined with a pearly layer, nacre, 
this is shiny in gfeneral but dull at certain places where the tissues 
of the animal were firmly attached to the shell, these places called 
impreasiona, are as follows: an anterior and poaterior adductor 
impreaaion, larg^e and rounded in either end of the valve; a pallial 
line runninijif parallel with the ventral border of the valve and from 
one to the other adductor impression; two pedal impreaaiona 
closely related to the adductor impressions or forming* part of them. 
(Other Lamellibranch shells should be compared with this and 
drawings made of all). 

*Hu2clej^ and Martin^ Practical Biology ; Parken El. Biology. 
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2. EXTBKNAI, Anatomt. Specimens can be killed by immer- 
sion in boiling^ water till the Talves open; they can then be dissected 
at once or preserved in alcohol for work when convenient. Care- 
folly remove the animal from its shell, notinj^ all points of attach- 
ment; immerse ander water, and note all the parts which can be 
seen without catting^. The two adductor muscles are not covered 
by the mantle; the mantle encloses the body and lies next the shell 
(which it secreted); its ventral part is free from the body and walls 
in a space, the mantle chamber; its margin is black and minutely 
frin^^ed; at the posterior end the fringe becomes a mass of longfer 
tentacles surrounding the branchial siphon.* Folding back the 
mantle discloses within its chamber a number of different organs. 
Outermost are the gills, two long flat plates, filamentous in struc- 
ture, free ventraHy and attached above, and running from the pos- 
terior border of the mantle forward to near the anterior end.t At 
their anterior end on each side there are a pair of labial palpi, thin 
folds of a rounded form, somewhat similar in texture to the gills. 
In the middle line and anterior in position is the foot; it is tough and 
firm on the margin, but softer above, where it passes into the visceral 
mass. The mouth lies between the anterior end of the foot and the 
anterior adductor muscle; it is broad and narrow, and bounded on the 
ends by the labial palpi. The gills meet dorsally to form the floor of 
the cloacal chamber, the excurrent siphon opens out from it to the 
exterior, the posterior adductor muscle passes directly through it. 
Dorsally, and in front, the end of the pedal muscle can be seen be- 
side the anterior adductor muscle, and more dorsally, in the space 
lying in the umbonal region of the shell, is the soft visceral mass. 
On the dorsal side, under the hinge-ligament between the visceral 
mass and the cloacal chamber, lies the thin-walled pericardial 
chamber. These points must be drawn and clearly fixed in mind 
before the succeeding descriptions can be clearly followed. 

3. INTESNAI/ Anatomy. Remove the side wall of the pericard- 
ial chamber, displaying the organs within; the space is traversed 
from end to end by the intestine, which runs from the visceral 
mass, out at the posterior side of the chamber, and passes above the 
post-adductor muscle, where it ends in the dorsal portion of the 
cloacal chamber, in the anus. The intestine is surrounded in the 
centre of the chamber by the ventricle of the heart, into which, on 
either side, a thin-walled pyramidal organ, the auricle, passes. 
This can be traced at one end to the bases of the gills; by cutting 

*The edges of the tnantle are united, posteriorly, in some Lammellibranchs, 
e. g. Mya, and prolon j?ed to form elon^^ate siphons. 

tin the breeding: season the hinder half of the outer gill of Unio, and all the 
outer gill of Anodon, is s^reatly swollen, being filled with eggs and serving as a 
brood-chamber. 
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open, at its entrance to the ventricle, valves can be seen, placed so 
as to direct a current from the auricles into the ventricles. No dis- 
tinct blood-vessels are seen. Beneath and behind the pericardial 
chamber a certain amount of dark g^reenish brown tissue is placed; 
it forms part of the wall of a tubular org^an, the Org^an of Bojanus 
{nephr^diunj, kidney). [The tube is bent upon itself, running; from 
an opening at the front end of the pericardial chamber — which 
equals the body cavity of Arthropods and Vertebrates — back and 
forward ag^ain to open into a prolongfation of the cloacal chamber 
lyin^ between the pericardial chamber and the bases of the grills.] 

With a sharp scalpel divide the foot and viscera into two equal 
halves, to study the alimentary tube. Notice: the mouth, destitute 
of masticatory org^ans; the enlarg-ed stomach, its walls surrounded 
with gixeenish liver-tissue, or pancreas; the intestine, imbedded in 
the connective tissue and muscle of the visceral mass; it makes sev- 
eral winding^s, which can be followed by careful dissection, of both 
sides, and will be found to emerg^e at the anterior boundary of the 
pericardial chamber. The cut will show that the ventral portion of 
the foot is wholly composed of muscular tissue, in the form of 
close tough fibres; the sides of the visceral mass are also muscular; 
the muscles of the foot continue both forward and backward, as the 
pedal muscles, and are attached to the shell. The marg^ins of the 
mantle are also muscular, as well as the tentacles, and the g^eat ad- 
ductors of the shell belong^ to the muscular system. 

The NERVOUS SYSTEM consists of three main ganglia, and their 
connecting; nerves, commissures; and of the nerves from them to 
the sense-org;ans and other parts. The two cerebral ganglia, sep- 
arated by the diameter of the mouth, lie at the bases of the labial 
palpi, and are connected by a commissure running; in front of the 
mouth, beneath the anterior adductor muscle. They are connected 
both to the pedal and the visceral g'ang^lia. The visceral ganglia 
are distinct, but closely connected in the middle line: they lie 
directly under the post-adductor muscle and are stellate in form. 
Nerves can, in favorable cases, be traced from them to the hinder 
margin of the mantle;, a nerve can also be traced from each half for- 
ward, passing; in the side wall of the body to either cerebral g;an- 
glion. The pedal ganglia are also in two closely associated parts; 
they lie in the foot in the anterior and ventral ang;le, and on the bor- 
der of the toug;her muscular part. Besides having; nerves to the 
neig;hboring; parts, it has two commissures, one to each cerebral 
g;ang;lion. Otocysts, very small sacks containing; minute crystal- 
line otoliths, are connected with the pedal g;ang;lia, one on the out- 
side of each half, and are supposed to be equilibrium org;ans. 

The GONADS occupy the hinder part of the visceral mass; they 
cannot be disting;ui8hed with the unpracticed eye from the connect- 
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lire tiBsae which sorrotuidB the windings of the intestine; they open 
hj an outlet near that of the nephridiom into the anterior prolong^ed 
part of the cloacal chanit>er. The sejres are s ep ar ate. The cg^gs 
derelop in the gilL where they can be easil j foond in Tarioos stages 
of derel opn ient; thej develop into a biTalve larval form, Giochiti'- 
itUMM^ which l>econies ftsr a time parasitic on the gills of fishes, and 
later establishes itself in the sand like its parent. 

I>KTAlL.KO Stctdt o€ tlie fi//« should be made. Tbey mie erndt doable^ 
fheoater Ccdded back oo itsdf oatwaidly. the inoer leflected inwaidlT, and tlie 
■Iii M T br 1 arc 11 tlif nr foldn in dirrrtiT in rommnniratloTi '■rith thr rlnar^l rhmnbrr: 
each lAtnelUt or friate of the sill can be separated into kme strips, fttamcnta^ 
which cross it from the base to the tip, they are cHisinally sepaiale, long tenta- 
de-like stmctnxes c ove te d with cilia, bat in the matnie animal ate kiuwu 
tojeether side by side to form a oontinnoos plate; moont and stndy (L p.) a single 
filaments of living sill and the dJia in action ^rill be irisiMe. 

Specimens which have been hardened in akxriMrt shonld be cut into a series 
of thick tranmrcrac sectionm the exact location of each sec ti on being accuratelir 
malntainrd, the sections should then be examined in suc c essi on from end to end 
of the series, and the varioas organs loca t ed in each by comparison ^rith the dis- 
sections made from the side. The examination of the sections can be con^^en- 
iently made by irtacins them in tbe bottom of a shallow dish nnd^ 'water (or 
alcohol). Drawings of the sections throogh the post addnctor mosde, bebind 
the heart, throned the heart at the entrance of the anricles and throngh the ^vis- 
ceral mass shonld be carfolly made, 

COXPAKISOXS shonld be made of the* struct are <^ Unio with both the soft 
and hard clams and the oyster, and if possible other forms. These are marine 
animals bat are common in many parts oi. the country, in the markets, and can 
generally be ordered, if not kept ** in stcnrk.** through the fish dealers. They onsht 
to t>e studied in the shell. Interesting differences will come out at once, as for 
instance, in the soft c:lam, Mjra, the strong development of the siphons into long 
tubes, and in the oyster the entire absence of the anterior adductor muscle and 
other mcMlificatioiis of the Unio type of structure. 

BI8L.— Brooks, The Oyster, J. H. Univ.; BioL Stud., J. H. U., 'SO; DaU, BnUe- 
tins and Proceedings of U. S. Nat. Xns,; JadLSon, Am. Nat., *91 ; Mem. B. S. X. H. ; 
ZantLcater, Art. MoLlusca, C Britt., 'SO; Lillie, Joum. Xorhp., *95: I^jtien Fourth. 
Ann. Rep. U. S. Geol. Survey. 'SI; rerrill, U. S. Fish Comm. Ann. Rep.. T3, "SS. 



Part IL— Cl. Gasteropoda. 

LYMN>EUS APPRCSSA iPondSnail). 

While this description is drawn from the genus named, it can be used for 



almost any member of the class (with the exceptions noted). Snails contract so 
much in killing that it is necessary to study living specimens to get any Idea of 
the form of the animal, and relation to the shell. There are plenty of different 
kinds found in fresh-water, besides the true land-snails, from any of whicli. 
studies can be made. 

1. Living Snah^ Watch a live and active specimen and deter- 
mine the foIlowing^ points: the loot is a soft, flattened division of 
the body, on which the creature moves, broader in front and taper- 
ing: behind, very thin and mobile, and sensitive on the edges; the 
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head rests on the anterior part of the foot and is raised above it» 
and bears on each side a retractile tentacle, at the base of which 
and in front of it is an ej^e; in the middle line in front there is an 
opening*, the mouth, from which from time to time an organ, the 
radula, is partially thrust out; the viaceral znaaa continues the 
head region posteriorly and disappears in the windings of the spiral 
shell. The shell next the visceral mass is lined by a soft black 
tissue, the mantle, in which on the right side, at intervals, a hole, 
the pneumopore, opens and closes to pass air from the lung (a 
modified branchial cavity open in marine snails). 

Keep a live snail under observation for some time, in a tumbler, 
and note its actions: those of locomotion, their rate, andthe peculiar 
use of the foot, their movement on the surface of the water; those of 
sensation, with the edges of the foot as well as with the tentacles; 
the action of respiration, and of the radula in feeding. Note the 
slow and inert nature of the animal as compared with the agility of 
many other higher animal groups. In the spring,water-8nails which 
are kept confined in glass vessels will deposit (in the night) gelatin- 
ous lumps, imbedded in which oval minute eggs are enclosed. The 
egg changes can be followed, and after a few days interesting larvae 
are visible and their daily changes can be followed with the low- 
power.* 

2. The SHELL, is thin and light, in the Order Pulmonata, to 
which Lymnseus belongs, and is composed mainly of chitinous ma- 
terial (in the marine snails it is more largely calcareous, and hedce 
heavier); it is a spiral tapering tube, wound around a central axis, 
columella; its summit is the spire, its turns, the whorla; its open 
end is called the mouth, whose margins are, inner lip on the side 
of the axis and outer lip opposite. The mouth is on the right side 
of the axis, in most shells; in the few, where it is not (e. g. Physa), 
the shell is said to be "sinistral." [Shells of Gasteropods differ 
much, but on the lines of this description, and can all, with a few 
apparent exceptions, be reduced to this same type. As rnany of 
them as possible should be compared and their relations thus de- 
termined.] 

3. Internal Anatomy. Pin the specimen, foot down, through 
the front end of the head and hind end of the foot. Beginning close 
behind the head, note and then cut away the mantle wall, folding 
it across on the left side, and noting the mantle chamber, and on its 
left and hinder wall the loose skin, the lung, (In Prosobranchs the 
mantle chamber is broadly open in front, and its hinder and left wall 
is occupied by a distinct gill.) Make a second cut from the head back 
to the visceral region, in the mid-dorsal line; draw the skin aside and 

♦For details see Brooks, Biol. Studies J. H. Univ. IV, p. 73. 1878. 
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fasten it there. This will disclose a number of white threads, tlie 
ras deferens, beneath which are visible a number of important 
cephalic and visceral organs. The broader p/iar^flx narrows to a 
slender gullet, which traverses the anterior region and runs back 
into the visceral mass, passings underneath a part of the genital sys- 
tem in its course, and opening into a spherical haid- walled gizzard; 
behind this a slender tube intestine, invested by the substance of the 
brown and spirally twisted liver, runs to the apex of the spire and. 
then back, and passes out in the wall of the body on the right side 
to open in the anus, a short distance behind the right tentacle. The 
central nerve ganglia are, in Lymnseus, grouped close together, 
and surround the gullet just behind the pharynx; (in marine snails 
they are widely separated.) Three chief centres are recognizable: 
the cephalic, in front, and dorsal; the pedal, below, and connected 
by a collar; and the visceral, above and behind. Behind the nerve 
masses are two whitish salivary glands, from each of which a 
thread, the duct, can be traced forward; it opens into the pharynx. 
At the posterior left side of the mantle, near its junction with the 
body wall, there is a small cavity, pericardium, within which lies 
the heart; it consists of two parts: a thinner- walled auricle next to 
the lung (and thus in front of) a thicker- walled ventricle. Lying- 
close against the ventricle, but not in the pericardial cavity, there is 
a solid rounded organ, the kidney, a duct from which can be traced 
to an opening close to the anus. The reproductive organs in 
Lymnseus are very complex; they consist of an hermapbroditG 
gland, at the base of the visceral mass beside the liver, but easily 
distinguished from it by its different texture, and a divided passage, 
one part of which, the oviduct, accompanies the duct from the liver, 
and the other part, the male portion, sperm duct, leads out by a. 
long and greatly convoluted passage, ending in a penis in the right 
wall of the body, between the anus and the base of the right tentacle. 
If the pharynx be opened it will be possible to find in its floor a long* 
brown-colored thread; this is the radula (odontophore, lingual rib- 
bon); the compound microscope will show its innumerable minute 
teeth, used in rasping vegetable substance for food. 

LI MAX Bp. {The Slug), 

LiMAX is nocturnal and hides during the daytime in dark, damp places; it is 
commonly found under boards, stones or dense masses of leaves. I^iving speci- 
mens, if obtainable, should be placed in a covered tumbler and watched, and. 
their mode of locomotion, the use of the pneumopore, the action of the tentacles* 
as well as the form of the body, determined. 

The BODY is worm-shaped but unsegmented; two surfaces are 
clearly distinguished: a rounded dorsal surface and a flat colorless 
ventral surface; the anterior end is blunt and bears a pair of ten- 
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tacles, and the mouth; the posterior end is tapering^; the tentacles, 
two in number, are hollow and can be wholly retraced by inversion; 
the ejre is located at their tip; on the dorsal surface, behind the head 
and more to the rig^ht side, an oval area represents externally the 
aborted xuan tie, as in Ljrmngeus; it is g^rown to the body wall except 
at one point, the pneunjopore; concentric marking^s on its surface 
overlie a small, internal, chitinous shell, which is the homolog'ue of 
the shell of other snails. The hinder dorsal reg^ion is occupied by 
the various viscera. 

The inner structure of Limax is closely similar to that of Lym- 
naeus; it can be examined by pinning the animal down under water 
and openings in the mid-dorsal line. 

Drawing^s of the livings animal in several positions should be 
made; also, at least one drawing^ of the dissection, to show the loca- 
tion and shape of the org-ans. 

BIBL.— Biijuej', Bull. U. S. Nat. Mu8.,28, '85; Broo^a, Biol. Lab. Stud., 1, '79; 
Dall, Bull. U. S. N. M., 39, '92; Bull. U. S. N. M., 37, '89; Howes, Atlas of Biolo^r; 
Xanires^er, Phil. Trans., '75; JVc. Alpine, Atlas Inv. Zool.; J^fci^f arr/cli, Biol. 
Lab. Stud., ili, '87; Rabl, Morph. Jhrb., '76, '79, '80; Trjron, Manual of Conchol; Ver- 
rill, Ann. Rrp. U. S. F. C, '73, '87. 



Part IIL—Cl. Cephalopoda. 

LOLIGO PEALII* {Squid, Cat tle-Fiah), 

The squid is oceanic except as it frequents shores in search of food. It is 
used for bait by fishermen, and can be had of them or sometimes found in mar- 
kets in seaside cities. The class is the most active and intelligent of the moUusks 
and contains some lar£?e and formidable animals. It is very important ffeoloji[i- 
cally because of the great development of the Orthoceras, Goniatite and 
Ammonite groups. 

1. External Anatomy. The body is divided into three reg^ions 
two of which are closely related as is usual in Mollusks, the head 
and the foot; the other, visceral region, is somewhat distinct The 
head is recognized by the location of the two larg^e eves and the 
mouth in the centre of the ten, sucker-beariniify tentacle shaped 
arms. The visceral mass is surrounded by a mantle within which 
and between it and the body is the mantle cavitjr. The body termi- 
nates posteriorly in the Bn, 

Examine the head and feet more closely, note the definite num- 
ber of ''tentacles'' two are capable of ^reat extension, note their 
position, study the suckers, note their number and arran^j^ement, 
their rim and central piston, whereby they adhere; note the horny 
beak in the centre of the mouth; examine the eyes, noticing^ the iris 
and coriaea, is there a lid? 

*Braokat Invertebrate Zoology, '82; ^ic/io/soxi, B. Brit. Art. Cuttle-Fish, '90. 
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Behind the head note the neck and the flap which extends 
around the neck opening* towards the mantle cavity. The mantle 
fits against this causing the expelled water to pass out by the fun- 
nel on the ventral side, the siphon. Open the mantle cavity on the 
ventral side and note the gills, two in number; note at the opening 
to the siphon the black color, this indicates the location of the ink 
hag and the vent, their products pass out through the siphon 
with the expelled water. In the skin of the mid-dorsal surface there 
is a chitinous supporting structure, pen, imbedded in the mantle 
wall. Draw a general view. 

2. Internal Anatomy. The mouth chamber contains a 
radula; the throat leads straight back to the stomach, a pair of 
salivary- glands open into the throat; the liver surrounds the 
throat with two ducts running back to the stomach. The intestine 
runs forward from the stomach on the ventral side and opens under 
the siphon; a blind pouch, coecum, leads back from the stomach to 
the hind end of the body. In the middle ventral line behind the 
arms, lies the ink bag, it opens into the intestine near the arms. 
The heart lies ventral to the stomach; it consists of a branchial ven- 
tricle at the base of each gill and a median sj-steznic ventricle from 
which arteries can be traced in both directions; there are two anterior 
and two posterior venae cav6e,hoih open into the branchial ventricles. 
The kidneys are similar to those of moUusca generally, two are 
present, each is a bent tube opening to (the pericardial cavity at one 
end and to) the exterior nearly in the middle line, a little behind the 
anus; each consists of a hollow chamber next the outlet and a g^lan- 
dular part closely investing the anterior vena cave. The gills, two in 
number (Dibranchiata) are made up of transverse plates placed on 
two stems which run their length, in one of these the blood passes 
from the ventricle, and on through the plates to be collected in 
the other, its vein leads to the auricle of the systemic heart; the 
water used in locomotion also serves to supply the gills and to re- 
move excreta from the mantle chamber. Nerve centres homolog^ous 
with those of other moUusks are concentrated in the head to form a 
brain; this is enclosed in a cartilaginous cranium and forms a ring 
of nervous tissue surrounding the throat; it consists of several 
masses which may be distinguished as follows: a pedal mass ven- 
tral and in front, sending nerves to the arms (and to the siphon) a 
visceral mass posterior to the pedal and sending nerves both to the 
mantle, to the "stellate ganglion" and to the viscera, and the dorsally 
located cerebral mass. Organs of special sense are present; most 
conspicuous are the two large ejyes, having external resemblance to 
vertebrate eyes but not homolgous with them, they have a transpar- 
ent cornea, an iris, a lens, and the concave inner side of the 
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spheroidal eye-hall is occupied with a retiaa, while on the side 
toward the brain, a number of optic nerves enter from a very larg-e 
optic g^ang^lion closely related to the brain. A small pit bordering^ 
on the socket of the eye-ball on the hinder side lodges ciliated and 
sensory cells connected with the brain and is called ah olfactory 
organ. Cavities in the cranial cartilage (which originated by invag^- 
ination from the surface in the embryo, contain otolyths, are con- 
nected by nerves with the cerebral mass, and) are supposed to be 
ears. 

The sexes are separate, the j2:onads lie in the posterior end of the 
body, the g^erminal cells escape into the body cavity and thence by 
ducts to the mantle chamber. 

BlBL.—Brooka» Mem. B. S. N. H., '80; Lankeater, Kncy. Brltt. Art. MoUusca, 
*90; N icholBon, 'Ency. Britt. Art. Cuttle-Fish, '90; VerrW, Ann. Rep. U. S. F. C, 
'82; Watase, Stud. Biol. Lab., '88. 



CHAPTER IX.— THE SUB-PHYLUM ANNELIDA (Segmented 

Worms, Annelids), 

LUMBRICUS TERRESTRIS* (Ansrle-Worm, Fiah-Worm, Earth- 
Worm). 

Earth-worms are widely distributed. They can be had by difsging or sotne- 
times can be found on the surface at night after a rain. They can be killed by 
dropping them into a mixture of strong alcohol nine parts and hydrochloric acid 
one part, and either dissected at once (after rinsing in water) or preserved in alco- 
hol (75 per cent, one day and 75 per cent, permanent solution). Living specimens 
should be examined to note their mode of locomotion, the definite location of the 
parts of the body as anterior and posterior, the dorsal and ventral surfaces, the 
maintainance of a constant equilibrium . 

• 

Externally the body presents a somewhat cylindrical form; a 
larg'er anterior end, and darker dorsal surface; constrictions cross- 
ing^ it and dividing^ it into somites which are somewhat larg^er 
toward the front and are obscured, in some cases, in front of the mid- 
dle by a thicker band, the clitellum; determine the number of the 
somites and the exact location of the clitellum; notice that the front 
somite is incomplete ventrally, prostomium. Note the hole under 
the prostomium, pass a probe into it, it is the mouth\ note the anus 
in the center of the most posterior somite; find the short bristles, 
sefge, on the side of and beneath each somite, and note that those of 
the successive somites form a series throug^h the lengfth of the body. 
[There are opening's too minute to be seen, on the somites on the ven- 
tral side as follows: of the segmental organs between the rows of 
spines of each side of each somite; of the spermathecse on the line 

^Sedgwick and Wilaon^ General Biology, *95 
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joinini^ the nintb and tenth, and tenth and eleventh somites on eacli 
side near the mid-Tentral line; of the sperm-^Iact on the fifteen tli 
somite on each side, and of the ori-iiuct on the fonrteenth). Dra^wr 
▼iews embodying^ these points. 

The INTBKNAI« STKUCTUKE of Lombiicns is more <x>mplex in tlie 
anterior part of the body, it is therefore best to cat oflf the anterior 
half and keep it for later study, and first to determine the antomy of 
the hinder part. The specimen should be pinned down dorsal side 
np, nnder water. With a sharp scalpel slit the skin open leng^thwise 
taking care not to cat too deeply. Note the body irall; the bod^y 
cavity; the septa, transverse partitions subdividing the cavity into 
compartments, corresponding^ with the somites; the thin-walled 
iateatine which nearly fills the body cavity. Carefully pull the 
body wall aside and pin it down so as clearly to display the organs 
in the body cavity. Examine the intestine (and other organs) using- 
Ihe hand lens, and drawing it aside and catting away part of it. 
Determine the following points: a vessel, the dorsal blood vessel 
runs the length of the intestine on its dorsal side; in some places it 
may be dark red from contained blood; in each somite it gives ofif 
two vessels on each side which encircle the intestine, and join a 
parallel ventral vessel directly below the intestine; [in live speci- 
mens in water this vessel can be seen throagh the skin to pulsate 
and the blood to flow forward]. 

The INTESTINE is hollow and contains black dirt (soil, mount 
some and examine, 1. p.); its wall is thin and on the dorsal side is 
infolded, forming an organ, the tjrphlosole, which furnishes in- 
creased surface; the dorsal wall, on the body cavity side, carries 
light brownish tissue, the liver, not forming a distinctly separable 
organ; remove the intestine from part of the cavity and then exam- 
ine carefully for the nervous system and segmental organs. 

The ventral nerve cord is next the skin in the mid- ventral line; 
it runs continuously from somite to somite, through the entire 
body (except the first three somites); it is slightly enlarged in each 
somite, ganglion, and gives off fine threads, nerves, to the neigh- 
boring parts (faint lines in its centre indicate its two halves); a 
vessel, the sub-neural vessel, runs along its under side and gives 
off side vessels to the body wall, etc. Carefully remove a portion 
of the nerve cord, mount it in glycerine and determine these points 
more clearly. Draw. 

The SEGMENT Al/ ORGANS are visible in each somite; they are at 
first likely to be confused with the cut ends of the septa, being of 
the same whitish color. They lie between the septa, one on each 
side, closely adhering to the body wall; they are slender tubes, seen, 
by teasing them from the wall under the hand-lens with a needle. 



Inrertebrate Dissections. 35 

to make several courses back and forth in the area of the two setae 
of their side; (each tabe represents, according" to Wilson, five dis- 
tinct parts; a ciliated funnel in the somite in advance, a narrow 
tube, also ciliated, a middle ciliated and pigmented tube, a wide 
tube, glandular and not ciliated, and finally the muscular part or 
duct, a sort of reservoir which opens to the exterior, through the 
body wall). 

A view of the opened hinder end of the body should be made 
embodying all the points determined, and a cross section view 
should be made, either imaginatively from the dissection or from 
the study of an actual section, mounted for examination as a trans- 
parent object. 

The AXTBKlOK BSD should now be studied, opened under water, 
from behind, and pinned out as before. It is imperative that each 
somite should be numerically located, beginning at the anterior 
end, through all this dissection; in the second somite be careful not 
to destroy the small, white, dorsal, pear-shaped brain. 

The DOSSAI, VESSBl# runs continuously forward to the sixth 
somite, where it is lost in fine divisions running upon the pharynx: 
its side branches are numerous and fine in somites 18 and 15, and 
single in the remaining somites; in somites 11-7 the circular vessels 
are large and pulsatile, and are called aortic arciiesi in preserved 
specimens they are often gorged with blood. The segmental 
organs continue forward to the fourth somite. 

The SEXIXAI, VESICLES l>elong to the reproductive system, but 
they are so noticeable that in dissection it is best to remove them 
before attempting to study the alimentary system. They are lari^ 
white masses filling somites 9-15 and crowding the other systems 
out of view. Remove them after drawing so as to be able to include 
Ihem later in a general view of their region of the body. 

The AUXEXTAKY SYSTEM, which, in all the posterior end of the 
body, is uniform in appearance in each somite, now varies <x>n- 
siderably from point to point. The gizzard is a thick walled large 
part occupying somites 18-17: the crop is an equally large but thin- 
walled part in somites 16-15: cut open both crop and gizzard; the 
gullet is a much narrower tube, hidden by the aortic arches as well 
as by the seminal vesicles, running forward from the crop to the 
sixth somite; the calciferous glands are swellings on each side of 
the gullet in the somites 11-12; the pharynx is an enlarged and 
strongly muscular anterior part of the system, occupying the first 
aix somites and opening anteriorly at the mouth; to see it remove 
the pin and carefully open the dorsal wall; l>e careful not to destroy 
the brain in the dorsal part of the second somite. There are no 
jaws or teeth in connection with the mouth. 
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Tbe K£PSOi>DCTrr£ stbtem is beniapfarodite. but tbere is pso- 
ri^ios for cross-iertilixation. tluoii^;li tbe iact that ^wraiaries and 
orafies mre not actrre at tbe same time. Tbe origans ok iqwwl oc- 
ticm are: Tbe large vbite sperm TeMcles already noted, [tbe «per- 
nEa/ies. small , 1 jiii^ in somites lO-lL. and dose! j connected nritb 
Tb€» ^p ert^ Tefiidee}: sp e iM aiathecat^ small, vbite, roimd. attacbed to 
tbe ireairsl hodywaJl on tbe junctions of somites 9-10 and lO-U, 
l^^pemt d^tMCtA, fixke tubes rnnning beneath tbe seminal Temdca to 
fjyten. inUi the exterior in scMnite nomber 15]: the orar^, a ii»n ity 
nrb ite, pear-sbaped organ oo each side near tbe mid-ventral line in 
somite nomber IZ, and tbe oriiiuct, a ciliated funnel and tnt»e, nin- 
ninjg;' from it tbroogb tbe septmn to open in soniite nomber 14, and 
tbe clitelluitt, (wbicb is lo o s e ne d from the body and slipped lot ar aid 
catcbinj^ ora and speriHato aoa as it passes tbe «ipenin^ of their 
<fTg9Mk%, and is slipped off over the head, dosing as it does so, and 
tbos forming;' a capsule containing tbe developing ^SS^ — WiiaoxM.) 



2L CH>CTOGASTCR* J^mid-Ww 

Very small Annelids are frequently met in examining material 
collected in fresh water pools, from the surfaces of plants or from 
the sediment on the bottcMn. These under a power of 25 diam. 
are recognizable as Annelids by their distinct segmentation and 
the serial arrangement of setx, but must not be confounded with 
nutnerotLB larrse of true insects. A careful study of living speci- 
mens under slight compression will reveal many of the anatomical 
features of the Annelids. They are especially interesting for the 
study of af^jraaJ reprodu€:tJoiL. As the somites are closely studied, 
<itcide^ diflferences are visible: in the centre a constriction is form- 
in g^ and will be found to contain at the time just l>efore division, a 
brain and a ventrally placed mouth, and, in the middle of each half' 
preparations for a still later division are visible. By keeping a 
single individual under continuous observation for several days 
the history of the process can be determined. 

"Bourne. (Jnait. JoL, VL 
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AXNBIJDA POLTCH^TA. 

NEREIS LIMBATA*(?) rClttmWonn"). 

Specimens on which this description was based were foand in the mud, near 
lo'w-tide level, on the shores of Oyster Bay in Long Island Sound. They appear, 
-as to head, to coincide with X. limbata of Verrlll's Vineyard Sound Report. 
Though found burrowing in the coarse gravelly mud, the animal is reported as 
observed swimming ** with an undulating motion" — **in the day-time, in Au- 
gust, at Fire Island," where they were being devoured by fish in great numbers. 
I have found them in the stomachs of smelt and other fish. 

1. EXTBRNAI« Anatomt. The body shows distinct differentia- 
tions, dorso-ventrally and antero-posteriorly, and bears cephalic 
appendages and paired lateral appendag^es, parapodia. The 
mouth in front opens transversely; (or the pharj-nx may be everted 
throag^h it and show a pair of laterally acting chitinoas hooked 
jawra,) The seg^mented bodjr is clearly divided into a narrower 
anterior and a broader posterior reg'ion; its somites should be 
counted; it tapers posteriorly, and at the end bears a pair of ten- 
tacles, called cirrhif ahoYe which the aiiiis can be seen. The ven- 
tral nerve cord can be seen throug^h the ventral skin. 

The HEAD presents a central pair of tentacles, borne at the apex 
of a small triangular "prostomium;" outside of them a pair of 
lobed or jointed palpi; behind these, on each side, four pairs of 
tentacle-like cirrhi; two pairs of simple eyes are located in the area 
between the cirrhi. 

The PARAPODIA are complex outgfrowths from the body wall. 
One should be cut off at its base, mounted (after staining^) in j^lyc- 
erine and examined. It is a direct outg'rowth of the body wall and 
not jointed at base; it presents a fleshy dorsal lobe . or gill, with a 
minute dorsal cirrhus; two groups of long setae, each supported by 
a long" chitinous rod, aciculum, running in the fleshy tissue; 
smaller g^ill-like lobes connected with each group of setae and a 
small ventral cirrhus. 

2. The INTERNAI, ANATOMY is less complex than in Lumbricus, 
The alimentarjr sjrstem consists of a protrusible muscular pliarxi^jr 
with protractor and retractor muscular systems; a crop, on either 
side of which a (salivary) gland, whose duct runs into the pharynx, 
is located; the stomach-intestine is similar throughout, and there is 
no t^phlosole. There are dorsal, ventral and sub- neural blood 
vessels and lateral branches from them, but no distinct set of aortic 
arches. The cavities of the somites, as in Lumbricus, contain a 
colorless corpusculated fluid, blood, (in some Polychaetes this is red 
colored, but the corpuscles are white). Nephridia are present on 
the septa separating the somites. The nervous system is formed 

*Hujclex^ Anat. Invert., '78. 
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CHAPTER X.— THE SUB^PHYLUM ARTHROPODA, CLASS 

CRUSTACEA. 

A. Thoracostraca. 

CAMBARUS* «/>- TAe Cr^r-Fi&h - 

Tl3Me CTa7'fc«fae«. often inland c i ioiiocsly called ' crabe.^ mie fresli-nter 
ismtlM. f'^vifwl in r:irer» and lake«. Itidin^ in ^ras^ or nnder stones. Tbcycan be 
entiuDed <>at of bidin j^ by pi^ce« of fre^b meat kj^vered amcns tbem. and canc:tit in 
tbe band or in a net. Tbev are nomerons in specie?^ and are found in sontbem 
and central l/nited frtate« more commonly tban near the sea^borei In some 
(4a<ce« tber are on e&le in markets, tbe ~ tail " beiui^ used for food. Tbe lobster, 
fjT eren tbe larger ^^brinip^. can be used in place of Cambams in tbe foUovin^ de- 
fter! (Aion«F, Livinz craj'-Gabes sb'mld. if poe-sible, be studied, botb in thetrna- 
toral fa4«ne and in a iUa»« ves«eL w^here tbeir actions are b e tt e i seen. Their na- 
tural attitoden. niode«» of qaiet and excited locomotion, tbeir degree of alertness, 
tbe u«e« of tbe various appendages for motion, sensation, feeding; defense, etc^ 
tehould be «een. More rarely tbe operation of moulting may bappen to be seen. 
All tbe points in tbe defecription can be determined from a single specimen, if 
care i% ufted, but, wbere possible, two or more sbould be used, especially for tlie 
internal anat/^my, 

U EXTEKXAL Ax ATOXY. The body, covered with a hard shell 
of lime, presents two distinct re^ons, an anterior half, the cephalck- 
tboraXf and a posterior half, composed of joints, the abdomen^ 
Distinct dorsal and ventral surfaces are present, and spring^ng- 
from the latter alon^ the entire len^h of the body are paired, mov- 
able, jointed appendages. The abdomen is terminated with a 
upreBding tail-Ba, Draw side, dorsal and ventral views. 

The CEPHAIXXTHORAX is covered dorsally by an arched shell, the 
carapace, havinp^: in front a pointed rostrum; in the middle a trans- 
verse line, the cervical suture, running- obliquely forward and 
downward; and behind this and on the side a flap, brancbiostegritc, 
covering a chamber at the bases ot the legs, containing the gills. 

*HujrJejr, Int. ScL Ser., Tbe Cray-fish, '80. 
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There are in this region, attached to the ventral surface, 14 pairs of 
movable appendages, subdivided as follows: two anterior pairs of 
antennae, organs of special sense; one pair of ej^ea; five pairs of 
pereiopods, posterior, and used in walking, and to some extent in 
handling^ food; and six pairs of mouth parts, used in feeding. The 
two pairs of antennae differ, the anterior beinir shorter and called 
antennules; each bears two short flexible Btaments; the hinder 
antennae have a broad scale at the base and a many- join ted fila- 
ment, fully as lon|^ as the body. The anterior pair of pereiopods, 
chelae, are greatly enlarg^ed and bear snapping^ claws. Some of the 
other pereiopods are also chelate. In front of them there is a pair 
of jointed limbs, the third majrillipeds, the hindmost of the mouth- 
parts; the others are small and hidden by these. The mandibles 
are the first pair of mouth-parts; they are rounded, hard and close 
in the middle line, on each side of the mouth. There are openings 
to the ears in the basal joint of the antennules, to the jp'een glands 
in the basal joint of the second antennas; and the g^enerative open- 
ing's are in the basal joints of the third pereiopod of the female, and 
the last, or fifth, in the male. 

The ABDOMEN is made up of six movably articulated somites, 
and the tail-Gn. Kach somite is completely covered with bone 
arched dorsally, tergum, so overlapped as to permit flexing the 
abdomen without leaving^ it uncovered; it is supported ventraily by 
a l>ony rod, the sternum, at the junction of which, with the tergum, 
there is a fold of bone, the pleurum. Each somite bears a pair of 
limbs, pleopods, used in swimming* (and in the female in carrying 
eggs). Five are alike in the female, but the anterior ones are mod- 
ified in the males; the sixth pair, considerably modified, form the 
lateral portion of the tail-fin; its central portion, the telson, is in 
the series of the somites, and on its ventral surface the anus is lo- 
cated. Fill out the drawing's previously made to include all these 
additional points. 

2. INTEKNAL Anatomy. In a specimen which has just been 
killed (with chloroform), or in a preserved cray-fish, carefully re- 
move the carapace (cutting forward to the base of the rostrum) and 
the abdominal terga, pin down in water, back up; using a probe to 
separate but not dislocate the organs, recognize: the body cavitjr^ 
in which the various organs lie; the stomach, large, thin-walled, 
median, reaching from just behind the rostrum to the level of the 
cervical suture; the mandibularjr muscles, fibrous masses lying* 
on each side of the hinder portion of the stomach, and running 
down to the mandibles; the liver, long, glandular, lying ventraily 
in the body cavity on each side, and reaching from the front end of 
the stomach as far back as the abdomen; the heart, angular, white. 



^wm i^txjjck^ tbe «tc«fl>acb and direcil?' lH9Kath Ibe CMxmpmDC ^t is 
«^^3C T^sskVT-ed vjtii tixr carapace, ii-n'ieag rrreai care lia£ t»ecs taken,; 
tifc*r i£itt^t>ryxae. a -iwc^ tcbe ranxLui^ zcid-^orBallx xb-e lenglfa (rf the 
:aird^^cD^:x; : 1±ie 3^xor nmiiCl*^ oi -tile abdamai, fiesfax £broiis tissiie 
i^^!,:xj^ tXM*: tKxsartec Tentrallj: 'ii>e exzensorf of tl« abdoonen, ia the 
^^^nsk^ ^>rir« ^ til*? atf^osLLnal t»:«niiee: tb-e d:xr^SLl son a.. Ijing above 
ti**r ::.ine*«lroe aiid ciotielj rdatt^d xo il] E^raa-, a xiew sbovin^ all 

l^^i^e jajE 4Jr7 it in cc^cnectios -a^ih liie idHowin^ xessels, some of 
wxir-x. casD ]>«±Lapfc be Been: one mexHan antezior ophthjalmic artery; 
a ^isoutl^er antericir arterr on each side, ^nt^anarx artefieB; a mid- 
^U^ 'If^j^jmfjr <l<jrh<U. ^^jrta.: and. miming doam^vard fxtmi it mid- 
Y^aotTiu-r, iii« ¥t^^mj£il ^TUerj: the side* of the heart are perforated 
i/r opf^jo;^. ohtUL. viaich lead to its caTity and are inwardly guard- 
^ trr Titlr^:^: there are no auricles, the blood coming frie^y into 
tl3^ />eri<>ar<//a/ chssnher^ in arhich the heart lies, directly firom the 
;g^JI*u It^flaore the heart after noting these points.] 

The ifJEPKOL^UCTlVE STSTEM is located directly under the heart; 
it d;lf>T« coni^iderably with sex. After deciding ^rhether your 
ifp^^^istPtn is a male or a female, by examination of the first two 
pains of pleopode, and by the location of the openings of the system 
on the perriopode, make out the following points: in the male, the 
whiti^h^ finely granular spertnary^ median in position; the fss 
^teffereatf <tr ^pertaduct, one to each side, a conTolnted tube, run- 
ning downwards to end in the bases of the fifth pereiopods; in the 
iemale, the ovhtt^ in breeding season, considerably enlargecl, red in 
color^ and composed of Uu^^e and distinct rounded ors; the otI- 
ducts on each side running down to end at the bases of the third 
pereiopodn; in addition females may have numerous eggs, "spa fpn," 
attached to the pleopods, where they are carried till the young 
hatch and escape. The reproductive organs should be carefully 
r^tnoved after making drawings to show the parts and locations. 
The spawn should be removed and examined; if two black spots are 
•een they are the eyes of the embryo, whose large anterior l>ody and 
•mall abdomen may be visible. 

The ALIXBSTAUY SYSTEM can now be examined. (If the water 
baa become turbid change it and keep doing so as fast as neces- 
sary ;« Displace the stomach gently and find below it a tube, the 
throHtf running down to the month. Note behind the stomach a 
smaller rounded organ, the pylorus, and on each side of this, a 
\€ry short duct leading in from the liver; trace the intestine from 
the pylorus^ where it is ventral, to the dorsal surface and back to 
the anus« Open the stomach and examine its interior, noting its 
cbUinoua walls and dorsally and posteriorly the hardened bones 
for pulverizing the food, gastric znilL Remove these parts and 
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make a side view of them. Remove the two liver masses, noting' 
that they are free from the organs, except the pylorus; examine 
them and note their structure of small tubes related to a central 
duct. [Sections of the liver display the secreting cells and their 
arrang-ement and will repay study. Sections of the intestine show 
epithelium and striped muscular tissue.] 

The EXCRETORY SYSTEM is displayed after the stomach has 
been removed; it is the green gland, or nepbridium, a flattened, 
rounded organ at the lower front surface of the stomach, in the 
base of the second antenna; its opening to the exterior has already 
been noted; [it has also an opening into the body cavity, and is thus 
homologous with the segmental organs of annelids]; (sections show 
that its walls are differentiated as glandular and duct portions). 

The RESPIRATORY SYSTEM is brought to light by removing the 
branchiostegite; it consists of filamentous organs, the gills, located 
in a space, the gill chamber, open to the water at the ends and 
beneath. Note the exact number and location of the gills, and then 
examine one clbsely and see its central stem and hollow side fila- 
ments in which the blood is exposed to the gases of the water. At 
the front end of the series note the scaphognathite, a curved piece 
lying in the line of the cervical suture; it is a part of one of the 
mouth-parts, and is used to force a current of water through the 
gill chamber. 

The MUSCULAR SYSTEM is too Complex for detailed study; some 
of its memoers have already been noted; in addition there are mus- 
cles used in the movements of the stomach wall, and the muscles 
of the appendages; these latter will be found inside the joints of 
the appendages, where they, by contraction through tendons, move 
the distal or more remote joints. The chela should be opened and 
the large muscle inside examined; its Bbres run obliquely from the 
central tendon to the wall of the joint; by their contraction they 
pull the tendon and through it the snapper. Make a diagram to 
show the mode of action of this muscle. The m and ibularjr muscle 
is similarly related through a tendon to the mandible. [Fibres of the 
cray-fish muscular tissue, mounted and examined with the micro- 
scope (x300 diam.) show the characteristic "striation" very clearly]. 

The NERVOUS SYSTEM consists of a brain, directly below the 
rostrum, close to the ventral and anterior body wall; two nerves, 
embracing the throat, circum-cesopbagaeal collar, a ventral chain 
of g'anglia in the cephalothorax, covered by bone, and an abdom- 
inal chain, easily found next the skin and below the flexor muscles. 

Draw views showing the internal anatomy of Cambarus, both 
from the side and dorsally, and index fully. 
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3. Detaji^ed study of the addexdages is preliminary to any 
insight into the "morphology*' of the Crustacea, they must be 
removed from the body at their very base, so as to include all of the 
limb, and care must be taken to avoid any possible confusion of 
idea as to their position in the body. The smaller ones should be 
examined under water with a hand-lens or low-power; draw^ings 
should be made and arranged on the page in the relation of the 
limbs in the body. 

Examine the HINDMOST PERBIOPOD and notice that it is made up 
of a number of separate segments of various shape and size, and 
moving on each other in various planes. Remove the branch ioste- 
gite, if you have not already done so, and look for the junction of 
the fifth pereiopod with the body. When you have found this, cut 
the appendage away at the joint; notice that it has no gill on or 
above it. Its joints are called, beginning at the base: 1, coxopodite; 
2, basipodite; 3, iscbiopodite; 4, meropodite; 5, carpopodite; 6, pro- 
pod it e; 7, dactjrlopodite. 

Draw the appendage from the hinder side and index. 

Remove the other pereiopods of the same side, being careful to 
take the gill with the coxopodite, and keep the limbs in order. 
Arrange them in a row in front of the fifth, and draw them all, and 
indicate the corresponding parts by the same refererence letter. 
Examine the last two joints in each limb especially and note on 
which there is a snapper, and draw the figure to show the transi- 
tion in shape from the last to the first Note that there are only six 
movable joints in the first pereiopod, seek for indication that two 
have fused to form one. Where is this line of fusion located? 

The Mouth Parts. Remove the limbs in front of the chelae, 
working from behind forwards. Those next the mandible are very 
delicate, and require very careful manipulation. Make the drawings 
as you remove them, do not remove all first, and then draw all. 
The THIRD MAXILLIPED presents two portions; one, the endopodite, 
toward the middle line, it is composed of several joints, and resem- 
bles the hinder pereiopods in number of segments; the other, the 
exopodite, consists of a long unjointed proximal piece, nearest the 
body, and a distal filamentous many-jointed piece. These two por- 
tions of the limb arise from a single basal portion, protopodite* 
The exopodite and endopodite do not arise directly from the body 
but from a joint, basipodite, which articulates with a second joint, 
the coxopodite, articulated to the body. The endopodite consists 
of five parts, named as in the pereiopods, the first, iscbiopodite be- 
ing fused with the basipodite. 

The SECOND MAXILLIPED is closely comparable with the third 
but differs in form of endopodite, it being shorter, and more like a 
mouth part; it has all the joints of the other, but some are very 
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email, the ischiopodite is short, and the carpopodite and dactylopo- 
dite are very small. The first maxili^ipbd retains an exopodite 
like that of the second, but the endopodite is reduced to a very small 
rudiment, so hidden hy the exopodite as to be at first easily over- 
looked. The maxillipeds thus present a very distinct transition 
between the pereiopod and the maxilla type of limb. 

The SECOND MAXILLA, as regards the basal portion and endopo- 
dite closely resembles the firet maxilliped, the exopodite is wanting* 
as such but is represented by a part of the scaphognathite. The 
cojcopodite and basipodite are both nearly subdivided by a deep 
incision upon their inner side. The FIRST MAXILLA is easily de- 
tached with the second; and if not found in place should be sought 
there. It has no exopodite but small, leafy coxopodite and basipo- 
dite and a short rudimentary endopodite are present. 

The MANDIBLE presents a strong, transversely elongated proto- 
podite, hardened and denticulated on its inner edge where it meets 
its mate; it bears a three-jointed palp, the endopodite; the exopo- 
dite is wanting. 

The SECOND ANTENNA presents a coxopodite^ bearing the pim- 
ple-like orifice of the green-gland, a basipodite; a flattened piece, 
squaznznuJe, the exopodite; and an e/i of opodi^e, consisting of three 
basal joints and the long, many-jointed flexible distal part. The 
FIRST ANTENNA or autennule presents a cojropodite, in whose basal 
joint the ear is situated, and two joints bearing distally two 
short, many-jointed Blaments. Examine the basal joint and note 
the deep groove where the entance to the ear is located. Carefully 
cut away the shell on one side of this joint and explore the interior 
with a needle, under a lens, and find a thin walled chitinous sack, it 
is the ear, remove it and mount it in water and examine (x 30 diam.) 
it contains a curved ridge of peculiar auditorjr bairs, and a num- 
ber of fine crystalline grains, otoliths. Draw and index. 

The eyes are stalked and movable and thus serial with the other 
appendages. Each presents a stalk, light colored and movable, 
upon the end of which is a dark portion, the sensory surface. Re- 
move one eye, moisten and wipe off the sensory surface and examine 
it with the hand lens. It is marked by very fine lines, which are in 
two sets, at such angles with each other as to divide the surface into 
many minute diamond shaped aheas or facets. Notice that thiese 
markings are confined to the sensory surface. There are no simple 
eyes. 

The Pleopods.* The first five (in the female) are alike and con- 
sist of: a rudimentery coxopodite and an elongate basipodite; an 

*The pleopods in the cray-fish, owin^r to the development of the pereipoda 
and the habits of walking, are less important relatively than in the shrimps, in 
which the primary swimming habits are still prominent. 
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exopodite and similar endopodite, each with a long proximal por- 
tion and a many-jointed filamentous distal portion. The aijrtb 
pleopod is considerably modified, but the primary appendaf^e 
scheme is clearly traceable. We find: the basipodite (coxopodite 
absent, a rudiment is present in the Lobster,) and the broad flat- 
tened exopodite and endopodite, so placed as to assist in the back- 
ward dartingf motions of the animal when pressed by its enemies. 

Drawingfs of all the appendages, exhibiting their points of com- 
parison and fully indexed, should by all means be made as a part 
of the study of the appendag^es. 

CALLINECTES HASTATUS (Edible-Crab). 

The edible crab is very common in the waters of the Atlantic coast of this 
country, especially in the latitude of the Middle States. It is extensively mar- 
keted and can be generally had through the fish dealers. All of the brach3rura 
are marine, hence not accessible inland. Any of them can be used in a com- 
parison with Cambarus, if Callinectes is not accessible. 

The body at first seems to be very different from that of the cray- 
fish, but close inspection shows that this is not a radical difference 
but due to the rudimentary condition of the abdomen. This reg-ion 
in the male is narrowed to a very slender piece, so closely folded 
beneath the carapace as to seem a part of it. It contains the intes- 
tine, the anus being* located at its tip, as in Cambarus, and its an- 
terior appendages are retained, being used in copulation. In the 
female the abdomen is less reduced and retains its segmentation, 
and the appendages, which are used in spawning. The form of the 
carapace is changed, being shortened and broadened, but its rela- 
tions to the internal organs is t^e same. The appendages, too, are 
somewhat though less modified; the antennae are shorter; the 
mouth-parts are crowded into a space covered in by an operculum 
formed of the modified third maxillipeds. In Callinectes the fifth 
pereiopods are flattened and used as sculls in a lateral swimming 
mode of locomotion. 

EUPAGURUS POLLICARIS (Hermit-Crab). 

The hermit crabs of several species are common on the shores 
of the Atlantic. They have the habit of dwelling inside of the 
empty shells of dead sea-snails. Several modifications of structure 
are found in them which are clearly correlated with this habit, 
and they amply repay a close study with reference to it. The 
description of Cambarus will furnish an outline to follow, and the 
differences found should be thought of in connection with the pe- 
culiar mode of life of the hermit to find a relation between them if 
possible. 

BXBL.—Bigelow, Proc. U. S. N. M., 'W; Brooka, Inv. Zool., '82; Brooks and 
Herrickt Mem. Nat. Acad. Sci., v, '92; Bampust Journ. Morph., '91; Fajcont Proc* 
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U. S. N. Mm vii, xU, '90; Herrick, Bull. U. S. F. C. (in press) ; Hoirea, Atlas Biol.; 
Hujelejr^ The Cray-fish, Int. Sci. Ser., *80; Hnxlejr and Martin^ Practical Biolo£ry 
Oaborn^ H. L., Am. Mo. Micro. Journal, '86; Packard^ Mem. Nat. Acad. Sci., 
lii, JRathbun.M.J.t Proc. U. S.N.M., '91-'94; 5te6biii£-, Crustacea, Int. Sci. Ser. 
Woodward, Art. Crustacea, Ency. Britt., '90. 

B. ARTHROSTRACA. 
ONISCUS Bp. {Sow-Bug. PillBug), 

Most Isopode are marine, but a few are not; some of the marine 
ones are only partially aquatic, since they commonly run over 
stones and wood-work of wharves, and seem to be perfectly at home 
out of water. Sow-Bug^e are very common in damp places under 
boards. They can be studied at once after killing^, or can be pre- 
served in alcohol for later use. 

Thb body is oval, depressed and composed of a number of 
somites; its divisions, which do not at once seem to ag^ee with 
those of the Cray-fish, are a short anterior heady seven equal thor- 
acic somites, and six abdominal somites, the first two much small- 
er than the rest. Numerous appendages are visible on the ventral 
side, chiefly in the thoracic reg'ion, and in females at times eggs, or 
partially developed youngs, are carried in a brood chamber beneath 
the abdominal somites. Draw an enlarg^ed dorsal view. 

Th£ HEAD should be removed from the body for close study. It 
presents: a pair of ej^es, not stalked but sessile, each consisting^ of 
a small number of strong^ly convex facets; a sing^le pair of un- 
branched second antennas, consisting' of three short basal and sev- 
eral longer distal joints (the first antennse, usually present in this 
Order, are wanting in Oniscus), and the mouth-parts, of which a 
pair of maxillipeds, fused in the middle line cover in the rest, viz.: 
two pairs of maxillse and one pair of mandibles. Draw these 
parts, and in addition, if time permits, separate and draw the 
mouth-parts. 

The seven thoracic somites are alike except in size; remove 
the first and clean off the flesh and note: its broad depressed ter- 
gum; the narrow sternum; the broad pleurum; the limb, un- 
branched and composed of five joints and a terminal claw. Draw 
and index. 

The abdominal somites should be separated under water. 
Notice that: the Brst tvro are very narrow and lack pleura; and they 
have thin lateral flaps, modified limbs, which serve as gills; the 
following three have pleura, which meet those of the thorax and 
and complete the outline of the body, and they bear gills like those 
of the first two somites; the sixth somite of the abdomen is tri- 
angular-pointed behind, and bears a stiff appendage consisting of a 
basal piece and a narrow single inner and a two-jointed flattened 
outer portion. Compare this with Cambarus. Draw views showing^ 
these facts. 
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GAMMARUS {Sand-Flea). 

After completing^ a dissection of Oaiacua, it should be compared 
with Gammarua, the sand-flea, or some other meml>er of the S. O. 
Anjphipoda, either by the study of the animal, if possible, or b^r 
means of illustrations. In Gamxascs the body is compressed and 
the form resulting* is outwardly very different, but upon analysis a. 
similar division of the l>ody into regions and a closely similar ap- 
pendage scheme will be detected. Both should then be compared 
with Cambarus and the Thoracostraca to detect the identity of ap- 
pendage scheme with the difference in the thorax as to fusion oir 
^segmentation. The free-somited thorax is a very primitive condi- 
tion, but the sessile eye and uniramous type of limb is very diver- 
gent from the primary form for the Malacobtraca. 

BtBL.— Ha rger, Ann. Rep. U. S. Fish Comm. for year 1887; IToodward, Art. 
Crustacea, E. Britt.. *90; many of the list of articles under Thoracostraca are sen- 
eral for all groups of Crustacea, and may be consulted. 

C. ENTOMOSTRACA. 

BRANCHIPPUS. 

Branch ippus is one of the most interesting of the Crustacea 
because of the primitive condition of its body, and append ag-es. 
It is found in various places in fresh-water ponds; it is about 
an inch long, and swims gracefully, generally with its ventral sur- 
face upward. There are three distinct regions of the body: an an- 
terior head, a middle thoracic region and an abdomen. The mid- 
dle region is divided into somites, each bearing a pair of jointed. 
leaf 'like limha; there is no coalescence and no carapace, and the 
animal has thus distinctly a more annelidan look than any other of 
the Crustacea. The head, in addition to the compound eyes, bears a 
single median aimple ejre; there are two pairs of antennae, there is 
a mandible, there are eleven pairs of similar limbs, each having- a 
bilobed distal portion, and whose inner and outer portions bear re- 
semblance to the exopodite and endopodite of the higher Crustacea, 
while the basal part bears a gill. The abdomen (of nine somites) is 
destitute of appendages. The larval form of Branchippus is found 
with the tow-net and is a "nauplius." 

There are allied Phyllopods, of which Apus and Estheria are tbe 
leading genera. In the latter there is a carapace which is so devel- 
oped as to form a bi-valve shell. 

B I BL. — Bernard, The Apodidse. Nature Series, *92; PaclLard, Phyllopod 
Crustacea of North America, 12th Annual Report Hayden Survey, U. S. Geol. 
Survey, '83. 

CYCLOPS sp. 

Specimens are found by skimmini; in fresh-water, ponds. They are univers- 
ally small (1-8 in. Ions) ; they are recognizable by their sudden darting motion ; a 
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number of points can be seen with the hand-lens, but they need the compound 
microscope for adequate examination. 

Capture a Bpecimen by means of a pipette or otherwise and 
place it in the centre of a slide; put a scrap of paper on each side to 
support the cover class; cover and surround with water, and deter- 
mine the following points: 

The elong^ate bilaterally symmetrical body is divided into two 
refifions: an anterior, cephalothoraxy and a posterior narrower 
abdomen. The oval cepbalothorax is covered with a carapace in 
front, which is followed by three (or four) free somites; the abdo- 
men consists of five somites, destitute of appendagfes aQ.d termin- 
ated by a forked tail — (at the breeding^ season females carry an oval 
e)ilfj^-sack on each side of the second abdominal somite.) 

There is a single median eye in the front end of the body, and 
no compound eyes; there are two pairs of antennae, the first are 
very long and used in locomotion. (The remaining appendages are: 
a pair of mandibles without palps, two pairs of two-branched 
maxillae used in mastication, two pairs of maxillipeds, five pairs of 
thoracic feet, each two-branched and furnished with plumose swim- 
ming hairs.) 

Despite its minute size the internal anatomy of Cyclops is com- 
plex and similar in general to that of the crayfish. The mouth, 
stomach, straight intestine and terminal anus lie in the middle line 
of the body; dorsal to this system is the sack-like heart (not present 
in all Copepods) there are no gills, or special excretory organs; an 
anterior cephalic ganglion, a collar around the throat and a ventral 
nerve gangliated chain are present; the gonads lie in the cephalo- 
thorax and open on the second abdominal somite, the eggs develop 
into a peculiar larval form having a single median eye and three 
pairs of appendages, all used for locomotion, naupliua stage, A 
large number of the copepods are more or less parasitic and corres- 
pondingly degenerate. 

BIBL.— W^oodirarcf, E. Britt. Art. Crustacea, '90; Herrick, Crustacea of Min- 
nesota, in Minn. Geol. Nat. Hist. Survey '95; Rath bun, Proc. U. S. N. M., V. 10, '88. 

CYPRIS ap. 

The ostracods are obtainable from sediment from the bottom of a fresh-water 
pool which has been allowed to stand several hours. They are seen as minute 
roundish often ^reen-colored animals actively running: over the bottom of the 
vessel. The specimen may be captured and prepared for examination as in Cy- 
clops, and the following points can be determined with the hand lens: 

The BODY is enclosed in a bivalve shell which is hinged on one 
margin (dorsal); at one end short appendages are thrust out and 
swept ventrally, they are the antennse, the un jointed body is at- 
tached to the shell anteriorly and dorsally, and is free posteriorly 
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1 forfced tail, used as a Iririring cH^gsB. There is 
ut front a single mediaa cjcl The appesidages are tvo pairs of lo- 
coflDOtiTe aizte2Uia&— a MMtAa<l£hle vlth palp — tvo biraaioiis mariUat 
and tvo wniTaoions e&oracic legs. 



OR. ARANOC. «iPt Spidcrm . 

JIgterial ioT gtody of tBe ^natx w u y of gjwdea^ can readily be ol j i ainrd .it < 
used at ooce after Irii ling .in a]ooh<4 or -mith. Clil o i uJo ttinu or odiuvise} 
preserved in alcol^ol for fntnrr v^ortc The habits of live spardcfs will amply 
cSoce and pToloojeed observation. Their extxeme ajdlitv. vraxines&, their txa 
neat bonding habits, all indicate a high degxee of intriligenoe as vrcU as 
orjcanized ntnamlar ejnBtem. The balls they often carry about are theii 

The BODT preaeats two globular regions, cepAa/of Aorax in front 
with the long, slender mra.lkingr limhs, and the abdomen behind, 
attached to the cephalothorax bja slender junction auid not bearing 
obrioos limbs. 

The CEPILUJOTHOKAX is divided by a cerrical suture into front 
and hind portions; there are no antennse and no coaipound eyes; 
there are iovar pairs of small glistening simple ejres (in some cases, 
two maj be so close together, as to seem one, some may not t>e visi- 
ble from the dorsal side); in many cases the skin is highly colored. 

The APPEXDAGES are six pairs, viz: the che/icerse in front 
having a large l>asal joint and a sharp-pointed terminal piece, shut- 
ting back on it like a knife blade (this is perforated and leads to a 
poison gland at the base of the limb); the pecfipaipi, slender limbs 
of six joints, the terminal joint swollen in the male; the four waUr- 
ing legs, seven-jointed, the terminal joint bearing the minute, comb 
like claws on their tips for grasping the web. 

The abdomen is nnsegmented and lacks distinct appendages, 
but bears at its tip two or three pairs of minute papillae, the spin- 
nerets; (in some cases indications of the segmentation of the 
abdomen are visible; in embryos the abdomen is distinctly seg- 
mented, and each segment bears a pair of rudimentary limbs, none 
of which save the spinnerets develope.) 

OR. PHALANGIOA iHarreat Spiders, Daddr-Longlegs). 

The name **daddy-looglegs" is the common American name for this order, in 
Bngland tlie same name commcmly refers to a family of aie8,the **Tipnlidse" 
with small body and very long legs. Specimens are foand on walls and dry 
boards, often under tMMirds. 

The body is divided into an anterior unsegmented part bearin^r 

limbs as in the spider, cephalotborajr; but is connected by mean a 
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of a broad attachment to a distinctly jointed abdomen (of 6-9 som- 
ites). There are two (or four) simple eyes located in a low spine in 
the centre of the dorsal surface of the cephalothorax. The limbs 
are in six pairs — a pair of chelate cbelicreGe; a pair of elong^ate 
pedipalpi; and four pairs of very longf and slender les[S\ these are 
theoretically seven- jointed, but the basal coxa is fused with the body; 
the free joints are a short f roc/i a a ^er, followed by five parts, the last 
made up of a larg'e number of very minute movable pieces and 
terminated by a claw. 

OR. SCORPIONIDEA {Scorpions). 

Members of this order are confined to the hotter parts of this and other coun- 
tries, they are found in Texas and Lower California. If they are not obtainable 
their external anatomy can be made out from figures. (B. Britt. vol. ii, p. 283.) 

The BODY is divided into three regions, a cepbalothorax, equiv- 
alent with that of the spider; smaller than the abdomen to which it 
is broadly joined, and which bears six pairs of jointed limbs. The 
abdomen is seven-jointed, and is followed by a "tail," the post-abdo- 
men, a region not represented in the spider; it is five-jointed and ter- 
minated by a segment bearing a sting. Simple eyes are present, a 
pair in the centre of the carapace and three pairs on its front border 
on each side. The limbs are six pairs in number. The anterior pair 
are cheliceraa, they are chelate and hardly visible dorsally; next 
them are a pair of large, strong clawed pedipalpi; there are four 
pairs of six-jointed walking legs."*" The second abdominal somite 
bears peculiar comb-shaped appendages called pectines, they have 
a serrated posterior border. In front of these on the first somite 
there are small flaps, called opercula which cover the genital 
openings. Large stomata are present on the ventral side of four 
abdominal somites, they lead to respiratory cavities, called lungs. 

BIBL.— Cam ferid^e, Art. Arachnida, B. Britt., *90; Lankester, Quart. Jnl. 
Mic. Sci., xxi; McCook, Spiders of North America; Mossridge^ Trap-Door Spi- 
ders/78; Morgan, Biol. Stud. J. H. Univ., *91; FTeed, Am.Nat., »90; PTiison, K. B., 
Ann. Rep. U. S. F. C, 78; Van Beneden, Animal Parasites, Int. Sci. Ser. 



CHAPTER XI£.— THE CLASS INSECTA. 

A. MYRIAPODA. 

LITHOBIUS+ Bp, (Thouaand-Lesrsed Worm, Centipede). 

Found in rotten wood, under stones and damp boards; there are two distinct 
orders, the Millipedes, e. £. Julus, cylindrical and with many somites; and the 
Centipedes, e. g. Lithobius with few somites, flattened body, all the northern 
forms are harmless. 

The BODY, elongate and parallel-sided, presents a distinct bead 
(not cephalothorax) and a posterior region not divided into thorax 

*A coxa present but fused with the body and makes seven theoretical joints. 
fMoselejr, Art. Myriapoda, B. Britt.; Bollman, Proc. N. S. N. M., V. 10, ili, '88; 
Cook, Proc. U. S. N. M., Vol. 13, '91. 
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and abdomen, which consists of a number of similar somites; the 
flat, broad bead bears a pair of obvious antennae, long and many 
jointed (short and seven-jointed in Julus); two (paired) g^roups of 
simple eyes, each composed of a few rounded ocelli, and on the un- 
der side, the moutb parts, which consist of an upper lip; a pair of 
strong, biting mandibles without palps; two pairs of majdllae each 
with palps, the anterior shorter and blunt and used in biting^; the 
first pair of leg^s, maxillipeds, are also closely related to the head 
and have a median portion which forms an under lip, and a four- 
jointed, strong^ly curved poison clatr. 

The somites, fifteen in number, present a broad, flat ventral 
sternum,SL similar dorsal tergum; the terg^a are not equal, some be- 
ing^ smaller than others; the somites are flat and broad and there is 
no pleurum, the side wall being* fleshy; the limbs are articulated at 
the hinder border of the sternum, and in the fleshy side wall of 
some of the somites, over the origin of the leg, there is an oval open- 
ing guarded by chitinous shell, the spiracle or entrance to the 
respiratory passages. 

The legs are one pair to each somite (the same for the reduced 
as for the other somites, c.f. Julus). They are similar throughout the 
body, save that the last pair which border the generatve opening 
are greatly reduced in size, and two pairs which preceed them, are 
considerably increased and consist of about seven joints. 

[In the millipedes (Julus) the antennae are short and seven- 
jointed, the maxillae are fused to form a single plate, and the hooked 
majcillipeds are wanting, the somites are complete rings of 
chitine and have a distinct pleurum, the anterior three (thoracic) 
bear a single pair of limbs, the remaining bear two pairs (being 
two fused somites) the body is closed at the hind end by two 
chitinous plates which meet in the middle line]. 

B. HEXAPODA. 
CALOPTENUS SPRETUS *iGra8a-Hqpper). 

External Anatomy. The body is obviously divided into 
three regions: the head, with antennae, mouth parts and eyes; the 
thorax, with three pairs of walking legs and two pairs of wings; 
the abdomen, segmented, and not bearing obvious appendages. 

The head should be removed from the body and its parts 
closely examined and' drawn. It presents a pair of compound 
eyes, oval, convex, lateral, their surface regularly marked into 
minute six-sided areas facets; three simple eyes, one in the middle 
of the front of the face and one over the base of each antenna; a pair 
of antennae, (mount one on a slide and study h.l.) consisting of a 
basai joint and a number (how many?) of distal joints, and mouth 
parts which require careful dissection and study. 

*Brooka, Invert. Zool.; Packard^ 3d Rep., N. S. Bnt. Com. '83. 
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The mouth pasts should first be located in Si7a, viz: the upper 
lip in front; the lower lip l>ehind, labrum^ bearing^ on its side a 
jointed palpus; the mandibles visible on the side of the face, and 
jast beneath the upper lip: the majrillae, just in front of the labium, 
with a lon^r jointed palpus. After drawing a front view of the 
head to show as many of these points as possible, remove them and 
make out the following^ additional points: the labrum, its median 
part of two (fused? I halves, each bearing- a three-jointed palpus; the 
niATillae, each consisting of two larger pieces, the basal lacinea, 
toothed on its inner margin, and the outer galea, rounded at the 
edge and bearing a five jointed palp; the mandible^ a short, heavy, 
biting appendage; the upper lip divided into an upper portion. 
cljrpeus and a rounded and indented free lower portion the labrum. 

The thorax is divided into two distinct parts, viz: the pro- 
iborajT^ bearing the front leg; the meso-meta-tborajr, imperfectly 
sub-divided and bearing two pairs of legs and two pairs of wings. 
Remove the thorax from the rest of the body; clean off superfluous 
flesh and notice: the pronotum, a saddle shaped piece, the tergum 
of the free pro-thoracic somite; the free, small mid- ventral pro- 
thoracic sternum; the pro-thoracic leg, made up of the following 
joints: coxa, a small basal joint, trochanter, small and closely 
united with the coxa; the /ei2iur,long and and cylindrical; the tibia 
long^ and slender; the tarsus, long, several jointed and ending in 
two curved claws, ungues, and a suctorial, soft pad, pulrilus 
Draw^ enlarged views. 

The Meos-Meta-Thosax. Examine the body at the points of 
origin of the wings and legs; note the constrictions indicating 
somites, two terga and two sterna can be distinguished; oblique 
lines cross the sides of the region, the deeper one running up to a 
point between the bases of the wings, marks the junction of the 
somites. Each somite, as thus bounded, bears a pair of legs and 
a pair of wings. On the front and side of each somite a small oval 
spiracle can be seen; with a needle it can be found to be an opening 
guarded by two small shelly pieces. Study both meso-IiEGS and 
MBTA-LEGS and compare them with the front leg; note their different 
mode of action on a living specimen; note that the hind leg, which 
is modified for leaping, is strictly similar structurally to the others; 
compare it with the jumping limb of the frog and kangaroo. Draw 
comparative views. 

The wings should be examined (with h.l. after mounting on a 
glass slide). Do they differ? How is the front one used? On the 
hind wing note: its thin, transparent, membraneous texture; its tri- 
angular outline; the veins which run radially from its base to the 
outer border; the veinlets which cross between the veins; its 



52 Invertebrate Dissections. 

strong^er border and the radia] lines by which the wing^ folds (like a 
fan). On the fore-wing^ note the narrow shape, nniformly hard 
texture, close venation; draw comparative views of both wing^s. 

Thb ABDOHBN is composed of distinct somites (how many?), of 
which the first is incomplete laterally and below, and carries on 
each side an oval patch covered by a very thin membrane, the ear; 
a spiracle lies just below the ear; the remaining^ somites, except the 
terminal ones, have a sternum^ a very narrow pleurum and a 
strong^ly arched tergunit and a spiracle on the lower anterior 
corner of each ter^um; the terminal somites differ in the two 
sexes. In the female it is elong^ate and is modified for use in de- 
positing eggs, following^ the eig^hth somite, the following* parts can 
be made out (ace. to Brooks) three incomplete terga, the last under- 
laid by small ventral pieces, podical plates, between which an 
opening (of the oviduct) is bounded by the OFipositor presenting^ an 
elongate dorsal and ventral portion for opening a passage in the 
soil, and the median egg guide of shorter pieces. In the male the 
abdomen is shorter and rounded at tip, a common sternal plate is 
present for the ninth and tenth narrowed somites, the eleventh ter- 
gum is short, and subtended by a ventral bilobed sub-genital plate, 
between them several smaller pieces, podical plates and cerci are 
traceable; draw side views of both sexes. 

« 

Internal Anatomy.* The body wall is a thin chitinous layer, 
enclosing the organs, in the space between the wall and the organs 
fatty tissues is often present. [Thb hbart, which is elongate witli 
openings into it at regular intervals, is so closely related to the dor- 
sal wall that it is likely to be destroyed in opening the specimen.] 

Thb ovary, in the female, occupies most of the dorsal an- 
terior portion of the abdomen, first notice that it is made up of many- 
similar sloping oval pieces, eggs, then remove the ovary, and 
mount a few.of the component parts and note on the summit of eacb. 
a fine thread, this contains immature eggs, (which can be seen in a 
glycerine mount under the compound microscope). 

The ailmbntary system should be carefully separated from 
the rest of the organs and removed to clear water for careful exami- 
nation, several organs can readily be distinguished, viz: the croi> 
in front continuous with the stomach behind and the gastric cseco. 
eight spindle-shaped pouches opening at the junction of the crop 
and stomach; the smaller tubular intestine follows the stomach, 
and the malpighian tubules, excretory organs, innumerable fine 



*Pin a fresh or alcoholized specimen onto the bottom of a dissecting paa, 
back up. Slit down the thorax and abdomen and pin the walls of the body apart 
on either side. All the dissection must be made under clean water. Separate the 
organs carefully with needles. 
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threads arise at the junction of stomach and intestine; the some- 
what enlarg-ed rectum at the tip of the abdomen terminates the 
canal. Salivary glands lie in the thorax, they are connected by 
means of a duct with the mouth chamber. 

[Thb respiratory system consists of air-tubes, ^rac/ieas, which 
lead inwards from the spiracles and from which small tubes ramify 
to all parts of the bodyl. 

Thb nervous system consists of a brain^ a collar surrounding* 
the throat, and a ventral chain of three thoracic and five abdomi- 
nal ganglia. 

Larval Stages. Young grasshoppers can be caught in a net 
(of cheese cloth fastened to an iron frame 8 x 11 inches 8quare)drawn 
through the grass. They are about i-inches long at first and in gen- 
eral resemble the adult, head and thorax being well formed except 
the wings, the abdomen is lees advanced. Intermediate stages with 
half-grown wings and with the terminal organs of the abdomen 
advancing in growth can also be found and the steps of development 
traced. 



Other Hexapoda. 

So much interesting morphological work can be done on readily obtained 
material, that after a student has acquired a knowledge of the grasshopper it 
'wWX pay him to compare with it the external anatomy of both adult and larval 
forms from as many different orders and families of Hexapods as possible. A few 
directions and suggestions are«dded but the similarity is obvious enough to en- 
able a student to work out the details largely for himself. 

1. Gryllus (THE CRICKET), observe in the field, their home, 
their usual mode of locomotion, do they usually leap, ever fly? Com- 
pare in detail with the grasshopper, do you find any hind wings? 
Draw views of cricket to compare with the grasshopper. 

2. The katy-did, compare in detail with the grasshopper and 
draw comparative figures. 

3. Squash-bug (can be found on many flower clusters); observe 
broad, flat, angular shape, small head, large triangular pronotum, 
and the abdomen protected by the hardened anterior wings. Search 
the head for antennae, eyes, mouth parts. The mouth parts are 
greatly modified and form a piercing and suctorial tube, made of the 
elongfated labium, its edge rolled up, and the elongated, slender 
mandibles and maxillad, which at their tips are very sharp and ser- 
rated. The legs are all similar and subdivided into joints, like those 
of the grasshopper. Compare the wings with those of the grass- 
hopper, the hardened condition of the base of the fore wing gives 
the name "hemiptera" to the order. 
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4. The dragon FLIBS are interesting^ for their aqaatic larval 
life, as well as for their adult pecaliarities. The ad nit body presents 
the usual subdivisions, the head bears a pair of compound eves, 
very large and strongly convex and three simple ejres, a pair of 
short and hairlike but jointed antennse, and a biting mouth; the 
prothorax is rudimentary but bears a pair of slender front legs, the 
rest of the thorax is large and bears two pairs of slender legs and 
two pairs of wings, the latter are finely veined, equal in form and 
texture and are not capable of folding. The abdomen is jointed, is 
very long and slender, the whole animal is very light and delicate 
as related to its strictly aerial mode of life. 

Thb larvAI« stages can be found on aquatic plants.* The larva 
has a large bead with a powerful ja ir concealed in a modified under 
lip, three pairs of walking legs, two pairs of rudimentary undevel- 
oped wings, a jointed abdomen and in some (e. g. Agrion) there are 
extensions at the tip of the abdomen filled with air tubes which are 
used in respiration. The larvse at the time of transformation creep 
up the stems of rushes into the air where the body shell splits open 
down the dorsal side and the perfect adult insect emerges leaving 
the empty shell behind. 

5. DORYPHORA DECBM-LINEATA (Potato Beetle). A—Adxtlt. 
Three regions are recognizable but with considerable unlikeness to 
the grasshopper, lieacf being very small, proa o^am large and the an- 
terior wings, elytra developed so as to cover the abdomen dorsal ly 
and half laterally. Few-facetted compound ejres, no simple eyes , 
and two short antennae of numerous joints are present. The cljr- 
peus is short, giving view of the stout, biting mandibles; majcillse 
and labium are closely like those of Caloptenus. There are three 
pairs of nearly equal legs, short and stout, they have the usual 
number of divisions, compare them with those of Caloptenus. Ex- 
amine the wings, the anterior are modified into elytra, hard covers, 
which protect the hind wing and the dorsal part of the abdomen, 
the hind wring is membraneous, study its texture and venation, it 
folds back on its length the anterior border being jointed for that 
purpose. The abdomen is made up of somites, their terga are soft 
and dependent on the elytra for protection, there are no external 
organs of ovi position. 

j&— The Larva. In the last larval stage the body behind the head 
is soft and distinctly divided into somites, those of the thorax being 
nearly like those of the abdomen; the head bears a number of dis- 
tinct ocelli, but no compound eyes, the antennae have a basal and 
one small additional joint. The mouth parts are of the biting type. 
The three thoracic somites are wholly free, the anterior bears an 
enlarged pronofuoi, all bear short legs which are five-jointed, the 
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tarsus is undivided and bears a sing^le claw. There are no indica- 
tions of wings. The abdomen is nine-somited. Spiracles are loca- 
ted on the terga above the distinct p/eurai fold. 

All stages from the egg to the last larva can be found on leaves of the potato, 
the ei:£:s are yellow and attached to the under sides of the leaves, material can 
either be studied fresh or preserved in alcohol for study when convenient. 

6. The fly, the body presents the usual regions separated by- 
deep constrictions. The head bears a pair of larg^e, strong^ly convex 
many-facetted compound eyes, three small, black, shiny, simple 
eyes, a pair of short, plumose antennae, and pecular mouth parts, 
viz: elong^ate and sharpened mandibles and maxillae, enclosed in an 
elongate tubular labium, closed above with an elongate labrum, 
they are adapted for piercing and sucking and their action can 
readily be observed in the case of the musquito. There is no sep- 
arate pro-thorax, the three pairs of legs are equal, and sub-divided 
as usual, the tip being furnished with a soft, sucker-like pad, by 
means of which the fly adheres to walla, etc. There is only one pair 
of wings, the meta-thoracic being rudimentary (in some represented 
by knobbed structures called halteres). The abdomen is reduced 
to four somites. 

The eggs of the flies are laid on putrefying animal or vegetable 
matter (so that the larvae on hatching will have a supply of food). 
They hatch as maggotSy having a segmented body with circular 
mouth at one end surrounded by a circle of teeth. After a few days 
the larva assumes an inactive pupa form, a segmented, dark brown, 
hard coated object, from which after a few days the perfect fly 
bursts. 

7. The butterfly, observations on the living animals are easily made 
and are valuable; the larval stages or caterpillars can be found on leaves in the 
garden ; if it is kept confined in a cage made by enclosing a box with netting, and 
fed on food it has been found eating, it w^ill advance into the pupa stage; pupae 
are often found out of doors under stones, etc.; they can be kept under observa- 
tion and the mature insect caught as it emerges. The feeding habits of both the 
larva and the adult, and the mode of locomotion in both, should be carefully 
studied. 

A — The adult is similar in most families of the order, the head is 
small and the prothorax reduced, so that the wings seem in the very 
front of the body; there are two prominent compound eyes, and 
long, many-jointed antennae; the mouth-parts are all rudimentary 
except the maxillae, which are very long, coiled when at rest, and 
joif) to form a hollow tube which is used in sucking nectar from 
long tubular flowers. Labial palpi are present and conspicuous* 
The wings are covered with scales, minute, regular in shape, in- 
serted by a distinct stem at regular intervals on the surface of the 
wing; the color and arrangement of these scales, which rub off as 
dust," gives the color and marking so characteristic of the butter- 
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flies. The limbs are alike, slender and present the usual joints- 
The abdomen is elongate, it is connected with the thorax by a small 
junction. 

B—TWB catekphxass present great diffierences in color, size and 
in the shapes and distribution of the hairs which <x>Ter their sur- 
faces, but all are fundamentally greatly alike. The body is divis- 
ible into a bead and a s^^mented posterior part. The head shows 
an area indicative of the compound ej'es, but without focrets; in this 
area there are a few ocelli^ there is a pair of rudimentary antennae^ 
the montb parts are well developed and of the biting order, an up- 
per lip, strong heavy mandibles and a palp-bearing maxilla are re- 
cognizable, besides an under lip. There are three thoracic somites 
directly behind the head, each of which bears a pair of short but 
distinctly jointed legs; there are no indications of wings. The ab- 
dominal somites are distinguishable; the third, fourth, fifth and 
sixth bear soft non- join ted pro-legs, which are not homologous with 
true arthropod legs, being unjoin ted and ending in a clamp with a 
toothed edge used by the larva in walking on the margins of leaves. 
The terminal segment of the abdomen is also furnished with a pair 
of similar pro-legs. 

C — ^Thb pupa stages of butterflies differ considerably; still the 
abdomen <:an be recognized and outlines indicative of the wings 
and thoracic legs. The pupa is inert and does not feed, the living- 
insect inside depending on the food taken by the larva. The ma- 
ture insect, when it first emerges from the larval skin, is soft and its 
wings much crumpled; they soon straighten and stiffen, and the 
insect flies away. 

8. The honet bee (adult worker) presents another variatioo 
on the Hexapod line; the head thorax and abdomen are separated 
by deep constrictions, there is no distinct pro-thorax; the head bears 
antennae, compound eyes and simple eyes, the mouth parts are: 
strong, cutting manibles for cutting into a flower, and maxillae in 
the form of long, soft lapping structures, the labium bears elongate 
licking palpi and in the centre an elongate licking tongue, used in 
collecting honey. The wings are membra o eons, few-veined, ttie 
hinder is smaller and attached to the front one by a row of micro- 
scopic hooks. An ovipositing organ, the sting is located in the tip 
of the abdomen, it can be seen thrust out in a living specimen if 
carefully handled by means of a pair of forceps. Besides bees, ants 
and wasps belong to this order and in spite of great apparent differ- 
ence present close morphological similarity. 

BIBL.— Besides the many papers in tlie Department of Asricaltme and the 
various State reports, the following are a few inteiestintf and s^enerally accessible 
references : 
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Brooks, Inv. Zool.,'S2; Cook, Am. Xat.. xxii; D&rwin^ Cross-Fertilization .of 
Flowers; Femald, Stad. J. H. U., *90; Gibson, Art. Butterflies, E. Britt., '90; Hen- 
slow, Origin of Floral Structures, Int. Sci. Ser.; Loc^, Am. Nat., xviii, p. 250; 
Lubbock, Ants, Bees and Wasps, Int. Sci. Ser.; McCook, Afi^ricultural Ant of 
Texas; McLAUcblsn, B. Britt., Art. Insects, '90; Miall and Dennjr, "Cockroach'* in 
Nature Series; Packitrd, 3d Rep. U. S. Bntomol. Commiss; Packard^ Hayden 
Survey, U. S. Geol. Survey, Memoir on Geometrid Moths, x, '76; Packard, Ento- 
mology for Beginners, '90; Sc adder. Butterflies of the United States; Scudder, 
Fossil Insects, Hayden Survey, xii, '90; Wheeler, Joum. Morphol, 93. 
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